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Department of Energy
Field Office, Albuquerque
Kirtland Area Office
P.O. Box 5400
Albuquerque, New Mexico 87115

February 10, 1995

Dear Interested Citizen:

The U.S. Department of Energy (DOE) proposes to modify existing facilities
at Sandia National Laboratories in Albuquerque, New Mexico, to produce
the medical radioisotope Molybdenum 99 (Moly 99). Attached is a copy of
the draft Environmental Assessment (EA) that has been prepared for this
project for your review and comment.

This EA analyzes the potential environmental impacts of the proposed
action and several alternatives. The EA has been prepared in accordance
with the requirements of the National Environmental Policy Act (NEPA),
the Council on Environmental Quality (CEQ) regulations implementing
NEPA, and the DOE NEPA regulations.

The Department’s openness initiative underscores the need for public
access to information and involvement in our actions. The NEPA process is
a valuable planning tool and a chance for you to participate in and
influence our work.

If you have comments on this EA, please send them by March 13 1995, to
Kathy Carlson, Area Manager, Kirtland Area Office, PO Box 5400, MS 0184,
Albuquerque, NM 87185. Comments received within this period will be

considered prior to finalizing the EA. Comments sent in after this period

may not be received in time to allow consideration prior to finalizing the

EA.

If you need further information about this project, please contact Ms.
Carlson at (505) 845-4094. For further information on DOE’s NEPA
process, please contact Jeff Robbins, DOE Albuquerque Operations Office
NEPA Specialist at (505) 845-4426.
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Abbreviations and Acronyms

AADT
ACGIH
ACRR
AECL
ALARA
AOO
ARI
ATR
CAM
CDE
CEDE
CMR
DOE
DOT
DP
EA
EDE
EIS
EPA
ES&H
FDA
FREC
GIF
HEPA
HIACA
HCF
HPO
HVAC
IAEA
ICRP
IDLH
INEL
IPDP
IPL
KAFB
KUMSC
LAMPF

LANL
LCFs
LECS
LLW
MBA
MDF
MEI
MER
MID

2/7/95

average annual daily traffic

American Conference of Governmental Industrial Hygenists
Annular Core Research Reactor

Atomic Energy Commission of Canada Ltd.
as low as reasonably achievable
anticipated operational occurrence
Australian Radio Isotope

Advanced Test Reactor

continuous air monitor

committed dose equivalent

committed effective dose equivalent
Chemistry & Metallurgy Research

U.S. Department of Energy

U.S. Department of Transportation

Defense Programs, an office within the U.S. Department of Energy

Environmental Assessment

effective dose equivalent

environmental impact statement

U.S. Environmental Protection Agency
Environmental, Safety and Health

U.S. Food and Drug Administration

Fueled ring external cavities

Gamma Irradiation Facility

high efficiency particulate air filter

High Intensity Adjustable Cobalt Array

Hot Cell Facility

Health Physics Office

heating, ventilating, and air conditioning
International Atomic Energy Agency
International Committee on Radiation Protection
immediately dangerous to life and health
Idaho National Engineering Laboratory
Isotope Production and Distribution Program
iodine production loop

Kirtland Air Force Base

KAFB Underground Munitions Storage Center

Clinton P. Anderson Meson Physics Facility (Los Alamos Meson Physics

Facility)

Los Alamos National Laboratory
latent cancer fatalities

Liquid Effluent Control System
low-level radioactive waste
Material Balance Area

Master Drug File

maximum exposed individual
mechanical equipment room
maximum individual dose
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MOI maximum-exposed off-site individual
mrem millirem

Mw megawatts

NEPA National Environmental Policy Act
NESHAP National Emission Standards for Hazardous Air Pollutants
NMED New Mexico Environment Department
NPDES National Pollutant Discharge Elimination System
NRC U.S. Nuclear Regulatory Commission
O/LL office/light laboratory

OWR Omega West Reactor

PAB perimeter access building

PET positron emission tomography

PPE personnel protection equipment

QA quality assurance

QcC quality control

QF quality factor

RAMs radiation area monitors

RCRA Resource Conservation and Recovery Act
RLWTF Radioactive Liquid Waste Treatment Facility
RMTC Regional Medical Technology Center
RWMS Radioactive Waste Management Site

SAR safety analysis report

SCB steel containment box

SEIS Site-wide Environmental Impact Statement
SHEBA Solution High Energy Burst Assembly
SNL/NM Sandia National Laboratories/New Mexico
SNM special nuclear material

SRS Savannah River Site .

TA technical area at SNL/NM or LANL

TI Transportation Index

TLD thermoluminescent dosimeter

TLV threshold limit value

usC Uniform Building Code

Unit Abbreviations

ac acre

Ci curie

ft feet

g gravity, acceleration unit equaling the acceleration of gravity
gal gallon

gm  gram

ha hectare

hr hour

in inch

km kilometer

| liter

% percent

b pound
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m meter

mi mile

ppm parts per million
pt pint

yr year

System of International Prefixes

Exponent Prefix Symbol
108 mega M
10° kilo k
1072 centi c
10° milli m
10 micro p
10° nano n

Nomenclature

Some numbers are expressed in an exponential shorthand as follows:
2.1e-03 represents 2.1 x 107, which can also be written as 0.0021

Chemical Abbreviations

Chemical elements are characterized in the Periodic Table by the number of protons (Z)
contained in the atoms. The mass of these elements results from the number of
nucleons (combined number of protons [Z] and neutrons [N]) in the atom. In the early
part of this century it was discovered that not all of the atoms of a particular element
have the same mass. Since the number of protons (Z) is constant for a particular
element, this implies that the number of neutrons (N) could vary. These different
varieties of the same element are called isotopes and are identified by their nucleon
number A (A=Z+N). The common way of identifying isotopes is to use the chemical
element abbreviation preceded by the nucleon number A as a superscript. For example
%Mo is the isotope of molybdenum that contains 42 protons and 57 neutrons in each
atom. While some isotopes are stable, others decay by emitting particles and/or
electromagnetic radiation. The latter isotopes are referred to as radioisotopes. The
time it takes for half of the atoms of a radioisotope sample to decay is called its half-iife.

List of Radioisotopes

Sgumml Chemical name Protons Neutrons Half-life
°Co

Cobalt 27 33 5.271 yr
Mo Molybdenum 42 57 2.448 days
99mrex Technetium 43 56 6.01 hours
125) lodine 53 72 60.1 days
13 lodine . 53 78 8.04 days
133y Xenon 54 79 5.243 days
192) Iridium 77 115 73.83 days
By Uranium 92 143 7.04E8 yr

*The m in **™Tc refers to a metastable state of the isotope **Tc.
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List of Chemical Compounds

Chemical Formula Chemical Compound
U;0g Uranium oxide

HCI Hydrochloric acid
H,S0, Sulfuric acid

HNO, Nitric acid

(NHy4), C,0,H,0 Ammonium oxalate
HCOOH Formic acid

NaOH Sodium hydroxide
H,0, Hydrogen peroxide
NH,OH Ammonium hydroxide
H,O Water
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1.0 PURPOSE OF AND NEED FOR ACTION
1.1 Background

For more than forty years, the Department of Energy (DOE) and its predecessor agencies have
produced and distributed isotopes through its national laboratories. In 1990, Congress
established the Isotope Production and Distribution Program (IPDP), bringing together under
one program all DOE isotope production activities.

Among other actlvmes the IPDP has taken responsibility for ensuring a stable supply of
molybdenum-99 (**Mo), the most widely used medical radioisotope. For use in medical
diagnosis and treatment, Mo is provided to private bulk radiopharmaceutical product
manufacturers who, in tumn, use *Mo as a source for the production of technetium-99m (**™Tc),
which is provided to medical personnel in shielded containers called generators. Because these
isotopes are hughly perishable and have a lifetime of a few days (half-life of %Mo is only 66
hours and that of *®™Tc only six hours), the need to provide a continuous and stable supply of
*Mo for medical use is critical.

As an example of the extensive use of radioisotopes in the U.S., during 1993 the following
nuclear medicine applications were performed (U.S. Council for Energy Awareness, 1993):

e 36,000 diagnostic procedures each day (most procedures using *™Tc );
e 50,000 nuclear medicine therapies during the year, and
e 100,000,000 laboratory tests during the year.

Prior to 1989, **Mo was produced in the U.S. by a single supplier, Cintichem, Inc. In 1989,
because of problems associated with operating its Nuclear Regulatory Commission (NRC)
licensed facility, Cintichem elected to decommission the facility rather than incur the costs to
repair it. The demise of the ®*Mo production capability at Cintichem left the U.S. totally reliant
upon a single forelgn source, Nordion International, located near Ottawa, Canada. Nordion
receives their raw **Mo from Atomic Energy of Canada, Ltd (AECL).

Prior to 1991, AECL operated two reactors capable of producing ®Mo. In 1991, one of the
Canadian reactors was shut down. For nine days there was no source of 9Mo for North
America and the supply was quickly exhausted. Fortunately, the Canadians were able to switch
production to the second reactor and the supply of ®Mo resumed. However, in 1993, the first
reactor was closed permanently, leaving only one operating. This rellance on a single
production reactor increases the likelihood of an interruption of the supply of ®*Mo to the U.S.
medical community.

Recognizing the impact that a shutdown of their only reactor would have on isotope production,
the Canadians investigated the option of building a second reactor, but these plans were
abandoned in late 1993. As a result, any shutdown of the single operating Canadian reactor
would again jeopardize the U.S. supply of ®*Mo, causing a drastic effect on the nation’s health
care.
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Because the medical radioisotope market is influenced by forces other than traditional market
forces (i.e., national interest and government subsidies), full cost recovery of investment is
often infeasible. In addition to market vagaries, the uncertainty and liabilities of constructing
and operating a nuclear reactor have prevented and will likely continue to prevent private
companies from providing a domestic source of *Mo. In hearings on the condition of the IPDP
before the Congressional Environment, Energy, and Natural Resources Subcommittee of the
Committee on Government Operations, the “need for DOE to re-enter the molybdenum supply
business” was reaffirmed and the “peril of dependence on a single source for such a critical
isotope” was addressed (Committee on Government Operations, 1992).

1.2 Purpose and Need

Because the U.S. medical community has been without a reliable backup supply of medical
isotopes since the shutdown of the second Canadian reactor in 1993, the DOE is addressing
the critical need to provide a reliable backup supply of medical isotopes for U.S. use. In
addition, because it is essential to establish a backup capacity as soon as possible, the DOE
proposal is based on a program of existing and proven processes, specifically the Cintichem
process and its associated Food and Drug Administration (FDA) Master Drug File (MDF).

The primary goals of the DOE medical isotope production program would be to:

e Provide an indigenous (U.S.-based) supply of radioisotopes that comply with FDA
requirements and the needs of the U.S. medical and research communities.

e Provide a reliable and continual backup production capacity to supply North America
with medical and research radioisotopes if the need should occur.
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2.0 PROPOSED ACTION AND ALTERNATIVES
2.1 Proposed Action

DOE is proposing a medical radioisotope production program that would guarantee a continual
supply of medical radioisotopes, including %Mo, for North American medical care use. The
production program would use existing DOE facilities at Los Alamos National Laboratory
(LANL) and Sandia National Laboratories, New Mexico (SNL/NM) to produce these isotopes.

Currently, targets are irradiated in an AECL reactor then removed for extraction of the **Mo
from the targets. This %Mo, along with trace amounts of impurities is then transported to
Nordion for further processing.

The program is not intended to compete with current Canadian production, but to serve as a
back-up to the Canadian supply. As a back-up, the proposed program would be capable of
meeting the current and future North American demand for radioisotopes in the event that the
Canadian supply is interrupted. The proposed production program would include a number of
production activity options. For any option, a baseline Eroduction goal of about 30 percent of
current North American demand (about 5,000 curies of *Mo per week) would be required. This
baseline production is needed to ensure that production could be increased quickly to meet 100
percent of demand, if needed. The demand for ®*Mo increases each year; hence, the proposed
action includes production levels up to 200 percent of the current level of demand to meet this
increase.

The major proposed activities would include:

° fabricating uranium targets at the LANL Chemistry and Metallurgy Research (CMR)
facility and then shipping the targets to Technical Area V (T. A-V) at SNL/NM;

. irradiating targets in SNL/NM'’s Annular Core Research Reactor (ACRR);

. processing irradiated targets in SNL/NM’s Hot Cell Facility (HCF) to produce medical
radioisotopes;

. shipping medical radioisotopes to radiopharmaceutical companies; and
° shipping wastes to disposal facilities.

Variations of these principal activities, which are included in the proposed action, include
shipping unirradiated targets from LANL to Canada and shipping unpurified **Mo from Canada
to SNL/NM or vice versa for further processing. An overview of the proposed program is
depicted in Figure 2-1. The proposed program would guarantee that the supply of medical
isotopes to medical patients would not be uninterrupted if either the irradiation or processing
activities in Canada were interrupted.

The proposed program depicted in Figure 2-1 is an overview from a system perspective. Many
activities would be involved in establishing and operating such a system. Figure 2-2 describes
the activities that would be involved in the proposed isotope production program. The entire
production-to-use cycle is described in Appendix A.
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Figure 2-1. Proposed Program in Coordination with Existing **Mo Production
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Figure 2-2. Proposed Production-to-Use Cycle for %Mo

LANL
CMR TARGET FABRICATION (CMR FACILITY, LANL)

Target elements would be manufactured by electroplating enriched U,0,
(up to 20 g [0.7 0z.] of 2°U per target) on the inner wall of stainless steel
tubes. The tubes would be welded closed with end caps. They would
undergo QA and leak checks before shipment to SNL.

TARGET TRANSPORT (LANL — SNL/NM)

Unirradiated targets (up to 24 per shipment) would be transported by truck
% from the CMR Facility at LANL to TA-V at SNL/NM.
O0——=0

IRRADIATION (ACRR FACILITY, SNL/NM TA-V)
Target elements would be loaded in central core region of the ACRR in
SNL/NM's TA-V.  Irradiation would be performed around the clock.
Targets would be loaded and removed from core on staggered schedules
to provide daily batches of isotopes for processing.

‘ EXTRACTION (HCF FACILITY, SNL/NM TA-V)
Irradiated targets would be transferred in a shielded cask by manned
N transport to the HCF in SNL/NM's TA-V. In the HCF, the isotopes would
E' Clﬁ be extracted in shielded hot cells equipped with remote manipulators. For

each irradiated target about 600 curies of #*Mo would be extracted from
the approximately 20,000 curies of fission products using a chemical
dissolution and precipitation process approved by the FDA. Strict quality
control (QC) would be performed on the product before shipping the
product in shielded casks.

TRANSPORT (SNL/NM — PHARMACEUTICAL COs)
The containers of medical radioisotopes would be shipped by commercial
air freight express to radiopharmaceutical companies throughout the
country.
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Uranium-loaded targets would be fabricated at the CMR facility at LANL. In gloveboxes at the
CMR facility, highly enriched uranium oxide (U;Og) would be electroplated on the inner walls of
hollow cylindrical tubes. The clean unirradiated targets would be transported to SNL/NM's TA-V
by truck in shipments of up to 24 targets. The targets would then be irradiated for several days
in SNL/NM's ACRR. On a staggered daily schedule, one or more irradiated targets would be
removed from the ACRR and transferred in a shielded cask via a manned transport vehicle to
SNL/NM's HCF, located adjacent to the ACRR facility in TA-V.

The irradiated targets containing almost 20,000 curies of fission products would be processed
in dedicated, shielded confinement boxes located in the HCF. Within the boxes, the isotopes
of interest would be extracted from the fission product inventory by chemical dissolution and
precipitation procedures (see Appendix A). The isotopes would be further refined and would
undergo strict quality control procedures to meet FDA Master Drug File (MDF) standards. The
isotopes would then be shipped in shielded casks by air freight to radiopharmaceutical
companies.

The proposed program would use technology previously emgloyed by Cintichem, Inc.

Cintichem is a private company and was the last U.S. producer of ®Mo. The process used by
Cintichem was approved by the FDA and is described in a MDF. DOE obtained the rights to
the patented process and the MDF in 1991 and is proposing to use this process to save the
time and expense of developing a new MDF. As a result, the proposed production process
would be very similar to the Cintichem process and produce similar medical isotopes. While
%Mo is the “workhorse of nuclear medicine” (U.S. Council for Energy Awareness, 1993) and
would be the primary focus of the program, other isotopes which are generated by fission or
activation would be produced. These isotopes include iodine-131 (**'l), xenon-133 (***Xe) and
iodine-125 ('2°1) (see Appendix A).

DOE is proposing to use SNL/NM's TA-V facilities for this isotope production for the following
reasons (DOE, 1994).

o The ACRR is a modern facility and is presently in an operational state.

e The ACRR can be dedicated to continuous isotope production, which is necessary to
meet the demands for short-lived medical use isotopes.

e TA-V facilities (a reactor and hot cell facility) are present and can be modified relatively
easily.

e The DOE Defense Programs (DP) and other mission needs for the ACRR and HCF
have decreased. While the ACRR must be available for future DP activities in the event
of a national emergency, DP does not currently have a full-time mission for the reactor;
therefore the facilities are available for continuous isotope production (See Section
2.1.1.5).

Other reasons that support this proposal are:

. gggility capability to handle and store Special Nuclear Material (SNM) such as enriched
U

e collocated reactor and hot cell facilities;
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e a reactor with operating characteristics that are compatible with radioisotope
production; and

e close proximity to air transportation facilities (Albuquerque International Airport) for
radioisotope shipments

2.1.1 Proposed Pre-Production Activities

Some modification of existing facilities/operations would be required to implement the medical
isotope production program. The following sections provide a description of these proposed
modifications. :

2.1.1.1 Required CMR Facility Modifications at LANL

Targets would be made in the CMR facility, Wing 9. Some interior walls would be removed and
doors would be relocated to form a single-point access suite of five rooms (Figure 2-3). CMR
facility is particularly adaptable to interior reconfigurations of this type because interior walls are
non-weight-bearing metal panels, which can be readily relocated.

Nine glove boxes would be custom fabricated to contain the apparatus for the process steps as
two parallel, duplicate production lines. Each glove box exhaust would be fitted with a high
efficiency particulate air (HEPA) filter. Apparatus in glove boxes would include:

dissolution tanks,

¢ introduction boxes,

o electroplating lines,

e pyrolyzing and welding equipment, and
e quality assurance and assay equipment.

Additional exhaust ducting and fans would connect the glove box ventilation systems to the
existing CMR Wing 9 ventilation system.

2.1.1.2 Required ACRR Facility Modifications at SNL/NM

Procurement/Installation of Heat Exchangers - The ACRR currently operates in either a pulsed
or steady-state mode. The current steady-state power limit is 2 megawatts (MW). This limit is
due to the combined heat rejection limitations of the heat exchanger/cooling tower system.
Installation of additional heat exchanger/cooling tower heat rejection capacity would allow the
reactor to run at 4 MW and maintain a pool water temperature of 40°C (104°F) for desired
performance of the reactor and the pool water treatment system.

Removal of Central Cavity - The central cavity was used in past operations to provide a dry,

high neutron flux location in the core. The central cavity is shown in Figure 2-7 later in this
section. Removal of the central cavity would allow targets to be placed in this central core
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Figure 2-3. Target Fabrication Area in the CMR Facility at LANL
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region. Removal of the central cavity for isotope production also has the benefit of reducing
argon-41 (“Ar) production and subsequent release to the environment (See Section 2.1.1.5).

Hardware Upgrades and Redundancy - Because the production program would require
continuous operation, redundancy features are required to increase and sustain the performance
of the ACRR. Redundancy features include redundant reactor control subsystems and rod
drives. All upgrades and redundancy modifications would retain the objective of reliable and
continuous operation. Minimizing personnel exposure is a driving consideration for these
upgrades.

Removal of Extraneous Hardware - There may be extraneous hardware that would be
removed from the ACRR and/or core tank in order to make the reactor as flexible as possible
for isotope production (see Section 2.1.1.5). The extraneous hardware includes the central
cavity, a neutron radiography tube and external cavities.

Ventilation and Environmental Monitoring Upgrade and Redundancy - The ventilation and

radiation monitoring systems would be upgraded if required for continuous operation and/or
redundancy.
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Special Handling Equipment - Fuel racks, transfer casks, and target handling equipment would
be designed and/or purchased to meet isotope production needs.

Air Lock Addition - Operation of the ACRR currently does not require use of an air lock. For
the proposed action, however, delivery or removal of materials without an air lock would require
shutdown of the reactor in order to minimize the potential for airborne emissions. Therefore, an
air lock would be installed so that a negative pressure differential relative to the atmosphere
could be maintained in the ACRR high-bay. Materials could then be transferred into and out of
the ACRR facility with a minimum of shutdown time. Installation of the airlock would require
construction of a small (3.65m x 3.65m [about 12 ft x 12 ft]) addition to the building to enclose
the airlock space.

Backup Electrical Power - In order to minimize interruptions of continuous production
operations, backup electrical power may be needed to ensure continuous production. Backup
power is not a safety requirement. Backup electrical power may be provided by a diesel
generator purchased and installed in TA-V.

Material Balance Area (MBA) - A new MBA would be established at TA-V to specifically handle
the receipt of targets. This is primarily an administrative procedure and would require only
minimal modification of an existing facility.

The ACRR is designed so that it can be operated with a number of different fuel configurations
and various numbers of fuel elements. In the proposed program the ACRR core would have
between 130 and 180 fuel elements. Current estimates indicate that the current core would be
replaced somewhere between the years 1997 and 2001. The replacement core could produce
100 percent or more of the current North American demand for %Mo and last between 6 and 24
years depending on core configuration and power levels. For an %Mo production program
lasting 30 years, the proposed program would use between 2 and 5 complete core loadings
consisting of 130 to 180 fuel elements.

When removed from service, any irradiated fuel would be moved to the GIF pool for temporary
storage. The spent fuel would be kept in the GIF pool until it is placed in dry storage at
SNL/NM or shipped for final disposition.

If dry storage is desired, the spent fuel would be removed from the pool and placed in specially
designed containers called “storage casks” or “dry storage casks”. These passive casks would
reside in a storage facility, likely in TA-V, and would be monitored to verify the integrity of the
spent fuel and the casks. Enough spent fuel (9 to 30 elements per year) could be generated to
fill one small dry cask (approximately 1.2 m x 1.2 m x 0.6 m [4 ft x 4 ft x 2 ft] high) per year.
These small casks would be stored in a small storage area.

2.1.1.3 Required HCF Facility Modifications

HCF Ventilation Upgrade - A major upgrade to the ventilation system would allow improved
ventilation for the HCF and adjacent spaces. The upgrade would improve safety and reliability.
Addition of more accessible filtration and radiation monitoring equipment would also improve
the system.
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®Mo Process Line Installation - Processing equipment unique to isotope production would have
to be procured and installed prior to production. Examples include extraction process
equipment and waste processing equipment.

Quality Control Laboratory - This would be required by the approved FDA procedure. The
Quality Control Laboratory requires a minimal amount of space and equipment such as
ventilated shielded glove boxes and detection equipment. Additionally, small shielding
enclosures would be installed around selected equipment. Floor space in the HCF has been
identified and no significant construction is anticipated for this laboratory.

Reconfiguration of HCF to Streamline Process - Modifications to the east wall, entry door
location, and internal overhead crane may be required. Wall modifications would invoive
providing cut-outs for additional manipulators, leaded glass windows, and a pass-through.
Moving the entry doors would make more space available and thus minimize crowding and
facilitate remote replacement of containment boxes.  Overhead handling equipment
modifications would facilitate movement of materials, supplies, and containment boxes.

Steel Containment Boxes (SCBs) - Proposed replacement SCBs would result in safer, more
reliable, and more versatile hot cell operations to service isotope production. The new SCBs
would be designed to provide complete process control, including waste minimization and
management. The units would be designed to collect by-products from the radioisotope
extraction, process the by-products, and package them into waste containers. The design of
the SCBs would be modular to allow easy replacement of components. Replacement of SCBs
would require the removal of existing steel containment boxes and/or interior walls.

Waste Storage Area - Existing rooms would be modified to manage waste from the process
line efficiently. Minimal upgrades over what currently exists are anticipated. Installation of floor
railing and/or motorized remotely operated moving equipment is anticipated.

2.1.1.4 Prototype and Proof-of-Principle Testing

Some activity would be devoted to reactor physics experiments and process prototyping prior to
production. Such activity would require the procurement of some equipment and/or hardware.
Activities would include:

e Process Prototyping - One or more prototype SCBs and prototype processing
equipment would be set up for examination of equipment performance, reliability, and
adequacy of design.

e Reactor Physics Experiments - Existing data on isotope production would be verified in
the ACRR. This would aid in determining configurations, reactor power, and reactor
operations.

e Prototype Target Fabrication - Test targets would be fabricated and tested to verify
processes.

These activities are characterized as “proof-of-principle” studies that would support design and
operational activities related to medical isotope production.
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2.1.1.5 Availability for Conversion to Support Defense Program (DP) Mission

Under the terms of transfer of the ACRR from DP to Nuclear Energy, the ACRR must be
available to support DP missions in times of emergency to address national security concerns.
Consequently, the proposed action would involve maintaining capabilities within the ACRR to
return to its current DP mission, operating under conditions similar to the ones that presently
exist. The ability to convert the ACRR to DP activities requires retaining the capability for a
pulsed-mode operation, the capability to install irradiation cavities, and access to a steel
containment box (SCB) to support DP activity. Any requirements to use the ACRR for DP
activities would have to be weighed against the need and demand for medical isotopes.

Since only minor modification of the facilities is required, the proposed action does not eliminate
the possibility of returning the facilities to DP initiatives if needed. The ACRR is currently fueled
with BeO-UO, fuel elements that were developed specifically for DP testing and are
irreplaceable. As a result, the fuel currently in the ACRR would systematically be replaced and
- stored on site for possible use in the future.

The current ACRR core has 236 fuel elements of a beryllium oxide (BeO) design that are
approximately 74 cm (29 in) long and 4 cm (1.5 in) in diameter. These fuel elements are of a
specialized design that can be used for both steady-state and pulsed operation. The proposed
isotope production program does not need the pulsed-mode operational capability; therefore, a
replacement uranium fuel element design (not containing BeO) suitable for steady-state
operation would be used. Current plans call for the removal and storage of the current fuel
elements so that they would still be usable later for pulsed-mode operation. Maintenance of the
pulsed-mode testing capability is part of the change-of-mission agreement that allows the
ACRR to be used for the production of medical isotopes. It is estimated that the current core of
fuel elements could be used for one to five years and still be usable for pulsed-mode operation
to meet potential DP needs; the fuel element lifetime would depend primarily on the amount of
Mo production required.

To ensure that the ACRR could be quickly reconfigured for pulse testing of nuciear weapons
components in an emergency related to maintaining the nuclear stockpile, much of the
hardware currently in the ACRR pool must be stored in a configuration which would guarantee
its long-term integrity and usability. The proposed storage of hardware would be in a new tank
accessible by overhead crane. This equipment storage tank (EST) would be instalied in the
south part of the ACRR building. The hardware stored in the EST would include only non-fuel
components required for this activity such as the fuel-ringed external cavities (FREC-1 and
FREC-Ii) without the fuel, control elements and drives, support hardware, the central cavity,
and the radiography system. The EST would only be used for storage. There would be no on-
going or sporadic operations involving movement of materials into or out of the tank, unless the
decision is made to move the stored hardware back into the ACRR to support a DP mission in a
national emergency.

The proposed EST would not be designed or equipped for future operation as a reactor or
weapons research facility. No major electrical connections or conduits, no cooling systems,
and no mechanical service ports would be installed or allowed for in the design. Only those
items necessary for safely maintaining the hardware would be installed. These items would
include a water treatment system for maintaining clean water in the tank used for radiation
shielding and fittings for lights and leak sensors.
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Since the FREC-II tube is approximately 25 ft in length, the tube must be stored vertically to
prevent distortion. Any distortion would destroy the precision tooling of the tube which was
designed for precise radiation streaming control. The deep EST proposed would make possible
vertical storage of the hardware. The water in the tank would shield personnel from the
radiation emitted by the activated hardware during inspections of the hardware during storage.

The proposed ACRR facility layout after this modification is shown in Figure 2-4. The final size
and shape of the EST would be based on cost and hardware integrity needs. Additionally, the
tank would be sized only for storage of ACRR DP hardware.

The construction and installation of the EST would include:

¢ Relocation of the existing cavity purge system from the Building 6588 lowbay to the
highbay roof.

e Extension of the 5.5 m wide by 15.2 m high (18-feet by 50-feet) penthouse a
distance of 9.1m (30 ft) to the south.

« Installation of a double-walled steel storage tank of approximately 13.4 m? (145 ft?)
surface area by 10.7 m (35 ft) deep in the lowbay.

e Provision for maintaining water quality suitable for storage of equipment in the
storage tank.

e Upgrading the HVAC, power, and lighting, as needed for the storage area.

¢ Relocating utilities and removing a portion of the wall between the existing highbay
and the new highbay extension.

Constructing the EST would not affect the operation or schedule for medical isotope production
activities at SNL/NM. There would be no radioactive material emissions to the atmosphere
from the EST.

2.1.2 Proposed Production Activities

A flow chart of the proposed production is presented in Figure 2-5. Uranium-loaded targets
would be fabricated in the CMR facility at LANL and transported by truck to SNL/NM'’s TA-V.

The targets would be irradiated in the ACRR, transferred to the Gamma lrradiation Facility
(GIF) pool, and loaded into transfer casks at the ACRR. The casks would be transferred to the
HCF for processing where the radioisotopes of interest would be separated from the fission
product inventory. The product would then be transported to the airport for air shipment to
radiopharmaceutical manufacturers. Waste generated during the production process would be
temporarily stored onsite and then disposed of at proper waste facilities. The following sections
provide the details for each of these steps.

2.1.2.1 Target Fabrication at LANL

A typical target would be constructed of stainless steel tubing approximately 45 cm (18 in) long
and 3.18 cm (1.25 in) in diameter, as shown in Figure 2-6. A layer of uranium oxide (U;Og)
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Figure 2-4. Proposed Modified Lowbay Configuration
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Figure 2-5. The Isotope Production Process
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Figure 2-6. Target Design
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approximately 50 microns (1.6e-08 in) thick would be electroplated onto the inside surface of
the tube. The uranium used in the electroplating process is prepared by LANL personnel in the
CMR facility. Caps would be welded to close the top and bottom. The end fittings would be
designed to facilitate installation and removal from the reactor core. The top fitting would
include a thin diaphragm, which provides containment of the tube contents until it is punctured
in the fission product recovery process. Appendix A contains a detailed description of the target
fabrication and electroplating process.

The materials and dimensions of targets may be modified as the process is refined. Target
specifications for the Canadian reactor, if targets were supplied by LANL to the Canadians,
would probably be different from the targets proposed for use in the ACRR, but the 25 content
of a target would not exceed 25 gm (0.9 oz).

At present there are sufficient inventories of highly enriched 235 (U404) to supply the target
fabrication process for several years at 200 percent production. Future sources of supply would
be determined by DOE decisions on where within the DOE complex enriched uranium would be
stored, which is the subject of separate NEPA reviews now in process (EA for Interim Storage
of Enriched Uranium at the Y-12 Plant, Oak Ridge and PEIS for Storage Disposition of
Weapons Usable Fissile Materials.)
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2.1.2.2 Target Shipment to SNL/NM

Targets would be fabricated, tested, and packaged for shipment in the CMR facility at LANL.
Targets would be packaged in Department of Transportation (DOT)-approved Type A
containers designed to hold 24 targets each. The target packages would comply with DOT
regulations for fissile materials, 49 CFR 173.417. The route of shipment from LANL to SNL/NM
would likely be via NM 4, U.S. 285, and Interstate 25. Target shipments would occur about
once a week and would likely pass through Santa Fe. Based on the nature of the Type A
packaging proposed for use, each shipment would be limited to 500 gm (17.5 oz) of 2°U.
Thus, only one package would be allowed on a single truck or air shipment.

The shipments would be required to comply with DOT regulations for the transportation of Fissile
Class |l packages as specified in 49 CFR 173.457. 49 CFR 173.457 (b) (1) and 175.703 (c) (1)
state that Fissile Class Ill packages must be shipped in exclusive-use conveyances. Fissile Class
Il shipments must incorporate controls designed to ensure that:

. nuclear criticality safety is provided for,

. loading, storing, or transporting a shipment of Fissile Class Il material with any other
fissile material is prevented, and

. the shipping papers include the descriptions required in 49 CFR 172.203 (d).

Each shipment of unirradiated targets would involve the transportation of less than 500 gm (1.1 Ib)
total of highly enriched 2**U. Under NRC regulations, the material would be classified as “Special
Nuclear Material of Low Strategic Importance” (10 CFR 73.2). However, the target shipments
would not be exempt from the NRC's safeguards and physical protection requirements for
transportation, such as armed escorts, route selection, and performance standards for physical
protection systems and procedures as specified in 10 CFR 73.25, 73.26, and 73.27.

An alternative method for packaging the unirradiated targets would be to use specific Type B
containers, such as the DOT Specification 6M container, as specified in 49 CFR 173.417.
Twelve targets could be packaged into each such container, for a total of 240 gm (8.5 0z) of
25 per package. Use of this type of container would qualify the packages of targets to be
classified as Fissile Class | packages. This would remove any criticality-based limit to the
number of packages that could be transported in any shipment. These shipments would
require the same physical protection measures as would shipments packaged in Type A
containers.

The targets would be received at SNL/NM and then processed through the normal special
nuclear material receiving procedures of SNL/NM where special nuclear material accountability
would confirm the 235U loading. Establishment of a separate receiving MBA is planned at TA-V
for direct receipt of the target shipments. The targets would then be assigned to the TA-V MBA
where they would be stored awaiting use in the reactor. A six month supply of targets is
expected to be stored in TA-V. Each target would be identified with a sequential serial number
and controls would include identifying target locations while in the reactor.
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2.1.2.3 ACRR Operations at SNL/NM

The ACRR facility, consisting of the reactor and all support systems required for its operation
and conduct of experiments, is located in TA-V at SNL/NM. The ACRR became operational in
1978 and was originally designed with characteristics suitable to support weapons programs
(Reuscher, 1982). The ACRR's capability to have large-volume, thermal-flux traps makes it a
viable resource for producing radioisotopes, especially for those isotopes produced in the
fission process.

Sketches of the ACRR are shown in Figures 2-7 and 2-8. The reactor currently uses a
uranium-oxide/beryllium-oxide fuel material. The reactor core is installed in a large open tank
filled with about 10 m (33 ft) water to provide both core cooling and radiation shielding.

The current ACRR configuration consists of an annular array of 236 UO,-BeO fueled elements
having an active fuel length of 52 cm (20.5 in) submerged in the open water pool. This
configuration would be changed to accommodate between 130 to 180 fuel elements. A
modified central region about 22.8 cm (9 in) in diameter would be used for irradiation of targets.
The core is cooled by natural convection in a water pool; the water pool is cooled by an external
heat exchanger.

The ACRR would be operated in the steady-state mode. Operations would be at or below 4
MW.  Aithough provisions were made when constructing the ACRR tank to have the potential
for forced cooling, (by using the bottom coolant return line), this feature has never been used,
nor would it be needed for the isotope production program.

The target irradiation level needed to meet North American demand for %Mo could be achieved
with relatively minor modifications to the core. A sufficient amount of margin and flexibility
exists in the core to allow for a high degree of confidence that the full North American demand
can be met. The actual target fuel configuration to be employed would depend on the
production goal (fraction of North American demand) at any given time. However, the
target/core configurations could easily cover the possibilities for 20 percent to 200 percent and
greater shares of the North American market.

Because the ACRR is a pool reactor (see Figure 2-7), targets and fuel elements would be
readily accessible for removal. Irradiated targets would be removed from the core and
transferred via the pass-through ports to a rack in the GIF pool (see Figure 2-8). A transfer
cask would be lowered into the GIF pool and the irradiated target(s) would be loaded into the
cask. The cask would then be removed from the pool using the bridge crane, surveyed for
contamination, and moved using a manned transport vehicle.

Anticipated E

During the normal operation of any facility, there are certain anticipated events, which, while not
accidents, are mechanical failures that have the potential to disrupt operations. At the ACRR,
events which fall into this .category include power outages, a mechanical failure of the
ventilation system, and leaking fuel elements or targets. These events are discussed in the
following paragraphs.
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Figure 2-7. ACRR Reactor Tank and Pool Cooling
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Figure 2-8. ACRR High Bay Layout.
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Power Outages - All TA-V tilities are derived offsite. All utility systems have redundant supply
paths and have demonstrated a high degree of reliance over the years. However, since all
control circuits are fail-safe, loss of power to the ACRR facility simply results in reactor
shutdown. Once the reactor is shut down, the residual heat generated by the reactor core is
dissipated into the water in the ACRR pool. An electric power failure at any point in the TA-V
network would have no detrimental effect on the ACRR, since all vital and selected emergency
equipment, such as emergency lighting and radiation area monitors (RAMs), are battery-
powered.

Ventilation System Failure - The high bay supply and exhaust ventilation system is designed to
provide conditioned air to the facility and exhaust the air to the environment at a rate that
maintains the reactor high bay at a negative pressure relative to all other manned spaces and
the outside environment. Releases of radioactive material to the environment are controlled
through two exhaust systems, the high bay exhaust system and the cavity purge system.
Currently, the high bay exhaust system contains one HEPA filter which is bypassed unless the
CAM units sense high levels of airborne radioactive material and automatically switch the air
flow through the HEPA filter. The cavity purge system exhausts air from the reactor experiment
facilities through a bank of two HEPA filters and two charcoal filters. As part of the proposed
facility redesign, the new ventilation system would continuously exhaust through the filters of
the high bay ventilation system.

Leaking Targets or Fuel Elements - If a target or fuel element develops a leak, all the noble
gases could be released into the pool water, as well as some iodine. Leaking targets are
expected to be minimized through leak-testing in the final fabrication steps (estimated annual
probability of occurrence = 1 to 1e-02). Drop tests performed at LANL have also shown the
targets to be mechanically robust. Although fuel element leaks are also expected to be rare,
they are expected to occur.

Element and target leaks would probably first be detected in either the cleanup loop system or
by the high bay CAM or reactor pool CAM. There are no direct safety consequences of having
a leaking element or target other than pool contamination, which would be handled by the
cleanup loop. Water ingress into a fuel element has been analyzed and has no effect on the
ability to cool the element under steady-state conditions. The same would hold true for a target.

Radiation detection equipment would be used that would sample the water exiting the flow
channels between elements and targets in order to identify potential leaks. The reactor would
continue to be operated under full power conditions during this time period. Once a suspect
(potentially leaking) target or fuel element has been identified, the reactor would be shut down,
the suspect item removed and replaced, and the reactor restarted. Fuel element replacement,
like target replacement, should only take a few minutes to perform. Leaking 125) targets would
be handled in the same manner.

Targets that are leaking would be removed for normal processing or prepared and packaged as
radioactive waste. Leaking fuel elements would be removed from the core and placed in the
GIF pool awaiting final disposition along with any other spent fuel. These fuel elements would
be marked so that they would not be placed back in the ACRR core. At such time that these
fuel elements are removed from the GIF pool, appropriate handling procedures (possibly
including packaging in a sealed container) would be followed to minimize or eliminate potential
releases of radioactive materials.
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2.1.2.4 Target Transfer To HCF

A manned transport vehicle would be used to move the targets to the adjacent HCF. The
transporter would exit the reactor facility through the proposed airlock, which would permit the
continued operation of the reactor, and proceed down the ramp of the HCF (see Figure 2-9).
The transporter would enter the HCF through the roliup door at the west end of the HCF, then
proceed to the HCF transporter airlock. Once through the airlock, the cask would be moved to
the far north end of the HCF where it would be placed within the shielded region of Zone 2A.
Zone 2A is a long central room within the HCF with remote manipulators and lead-glass
windows, as shown in Figure 2-9. The cask would then be moved below one of the dedicated
processing boxes designed to conduct the initial steps of the isotope extraction process. Once
emptied of targets, the transfer cask would be removed from Zone 2A and returned to the
reactor facility to await the next movement of targets.

Figure 2-9. Transfer of irradiated Targets Within the HCF

SRR RS

The movement of targets from the ACRR building to the HCF would be anticipated to be
conducted up to three times per day, five days of the week, 52 weeks of the year. The number

of targets transported would depend upon the required production rate, but should be between
one and eight targets per day.
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2.1.2.5 Isotope Extraction at HCF

The isotope extraction process for %Mo would be a combined chemical/distillation process in
which:

» the noble gases and iodine would be condensed from the target fill gas;

e the fuel and fission products would be dissolved from the inside of the target;
e chemicals would be added to maintain specific fission products in solution:

e the molybdenum would be precipitated, filtered, and cleansed; and

» the precipitated molybdenum would be redissolved for shipment to pharmaceutical
companies.

The extraction process would provide necessary radioisotopes of xenon, iodine, and
molybdenum.

Each target would yield approximately 600 curies of **Mo, 200 curies of "I, and 600 curies of
133xe one day after discharge from the reactor. Approximately, one-half liter (about 1 pt) of
neutralized process liquid (waste) would be generated per target. This liquid would be solidified,
allowed to decay, and then shipped to an approved low-level waste disposal facility. Although
shipments to the disposal site could be made as soon as six months after generation, sufficient
storage exists within the HCF to allow up to two years storage of waste generated as a result of
meeting 100 percent of North American demand. At production levels to meet 200 percent
demand, 1 year's worth of storage would be available. At less than 100 percent demand
production, more than 2 years storage is available.

Electrical Fail

If Building 6580 should experience a loss of commercial power, a standby power system
consisting of a diesel generator and an uninterruptible power supply located in Building 6581,
Room 222, is automatically activated. The essential systems powered by this secondary
source of electricity are listed in Table 2-1. This system is normally tested weekly by simulating
an interruption of the normal power source and allowing the generator to start and pick up the
critical loads. Sufficient diesel fuel is stored to run the generator for 90 to 110 hours. The
generator comes up to speed and picks up the backup circuit loads in less than one minute.

Based on past experience, a loss of electrical power can occur because of storm, wind,
lightning, or equipment malfunction. Data on power outages for the 10 years 1977 through
1986 show a total of 32 unscheduled outages with a frequency of 0-10/yr and a duration
ranging from "momentary" to 17 hours (only 8 outages were greater than 2 hours in duration;
Restrepo, 1994). The TA-V backup power system successfully compensated for all outages
with no radiological releases or mechanical failures.

In the event of a long-term shutdown from a complete power failure, processing of targets in the

process line at the start of the outage would be completed using the backup power system.
Further processing would then be delayed until commercial power was restored.
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Table 2-1. HCF Systems Powered by Standby Diesel Generator

System Description

Blister, Glove Box 3, Fume Hoods Standby power to control working atmosphere

Nitrogen Inerting System Power system and SCB/hot cell heat detectors
and fire alarms

Area V Stack System Fans and interlocks

Ventilation System Zones 1, 2A, and 2 Blowers, interlocks and temperature and
pressure monitoring instrumentation

Room 112 Glove Box and Fume Hood Blowers and interlocks

Ventilation Systems

Radiation Monitoring System All criticality monitors, central monitor display
panel and selected CAMs

Ventilation S Eail

Upon loss of commercial power, the backup diesel generator would automatically provide power
to the HCF ventilation system blowers. In addition, all HCF ventilation systems would be
designed and constructed to fail safe; i.e., supply dampers fail closed and exhaust dampers fail
open. The latter would still vent through their HEPA filters and confinement would be
maintained so long as the physical barriers maintained their integrity. Electrical failure of the
ventilation system would not result in a release of radioactive material.

Spills During | P :

The possibility of a spill during *Mo purification is mitigated through the use of syringes for all
reagent additions and the requirement that all transfer containers be fastened together and tied
down prior to solution transfers. However, because of the large number of targets that could be
processed (up to approximately 2080/yr for 200% of North American demand) and the fact that
the **Mo purification process involves multiple reagent additions and solution transfers, the
probability of a spill during the process is estimated to be 1e-02 to 1 per year.

The most probable initiating spill event during purification would be a filled reagent container
knocked over and spilled during remote handling. One of the container seals would have to be
dislodged for a spill to occur, since reagent containers would be metal or plastic. There wouid
be no release of radioactivity with a reagent spill. In terms of a potential radiation release to the
atmosphere, the worst-case spill scenario in a process SCB would be if a target were to be
dropped and breached prior to entrapment of volatile gases on the cold finger. This would
result in the complete loss of noble gases from that target to the atmosphere. Halogens (Br, 1)
not retained by the target material would be captured by treated charcoal filters in the SCB filter
system. Only a negligible amount of halogens would be lost through gradual decay to krypton
and xenon because the SCB would be isolated from the exhaust system and a redundant filter
system would be used in the rest of the process train until the contaminated filter could be
replaced. In terms of time lost due to process line shutdown to clean up the SCB, the worst
scenarios would be if the dissolved target solution or the acid waste bottle were spilled.
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A QA sample of the %Mo solution from one target (volume about 10 mi [0.3 0z]) would contain
about 1 Ci of radioactivity. This solution would be transported from the process SCBs to the
quality assessment/quality control (QA/QC) laboratory in a sealed glass vial packaged in a
shielded container. A sample spill during transit would require the container to be dropped, the
seal on the container to break, and the sealed vial to break. This series of events has an
annual probability of occurrence of less than 1e-07. If the sample were spilled in a glove box
during removal from the container, the glove box would be isolated from the ventilation system,
resulting in no significant release to the atmosphere.

Processing of "’ would not begin until at least 3 days after removal of the target from the
reactor. Even if the entire contents of a target were lost during processing, the dose to the
closest member of the public located 1610 m (1 mi) away is a small fraction of the dose
expected from normal operations (see Table 4-8 and 4-9).

2.1.2.6 Product Shipment

Mo decays at the rate of about 1 percent per hour. Therefore, shipment of the product must
be expedited to prevent needless decay of the product. Nordion, which is the only company
presently shipping bulk Mo, uses a combination of commercial and chartered air flights using
Syracuse, NY, as the U.S. hub. The SNL/NM product shipment plans assume a similar
distribution system originating at Albuquerque International Airport.

Initially, **Mo would be shipped by air freight on a daily basis to any of the following three
locations. The initial locations corresponding with the radiopharmaceutical companies would be
as follows:

Company Location
DuPont-Merck Boston, Massachusetts
Amersham Mediphysics Chicago, lllinois
Mallinckrodt St. Louis, Missouri

The %Mo would be packaged in Type B accident-resistant packaging for shipment from
SNL/NM to the radiopharmaceutical companies. Air express class of shipments would be used
with direct routing, if possible, to the customer-city. Passenger-carrying aircraft could not be
used since the Transport Index of the ®*Mo package exceeds that allowed on passenger
aircraft. If a stop is required, the shortest time of routing from Albuquerque to the customer-city
is preferable. Product movement would be directly from TA-V to the airport transfer point using
Kirtland Air Force Base access roads or off-base routing.

2.1.2,7 Other Isotope Production

In addition to ®*Mo, a number of other isotopes could be generated in the ACRR. These
isotopes can be grouped into two categories based on their means of generation:

» those generated as additional fission products in the ®*Mo targets (fission targets); and
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o those generated by other reactions (e.g. neutron absorption) in special targets.

The first category includes two isotopes (**'l and 133Xe) which are initially planned for extraction
from the %Mo-target fission product stream. The second category includes 1251, of which up to
750 Ci per year would be produced in separate irradiation elements loaded with 124Xe, a
non-radioactive isotope of xenon. Even with the three additional isotopes, only a small fraction
of the isotope production capacity of the ACRR would be utilized. The additional capacity would
make possible advanced research and process development of these and other isotopes.

2.1.2.8 Waste Management

Trash, chemical waste, radioactive waste, and mixed wastes would be generated at SNL/NM as
a resuit of the medical isotope production program. The trash generated would consist
primarily of office trash and lab trash. Some chemical waste from process verification activities
or from expired, contaminated, or otherwise unusable chemicals would also be generated. This
trash and chemical waste would be handled through the established waste management
processes at Sandia in accordance with all applicable federal, state, local, DOE, and Sandia
requirements.

The radioactive wastes that would be generated consist of LLW and spent nuclear fuel. The
LLW stream would include protective clothing, contaminated process and facility hardware,
solidified waste from the isotope extraction process, and resins that are used to remove
contaminants from the reactor pool and the GIF pool. Approximately 214 m® (7600 ft%) of LLW
would be generated per year, assuming 200 percent production. The LLW would be stored
onsite until shipment for disposal. All waste and spent fuel would be managed in accordance
with all other applicable federal, state, local, DOE, and Sandia requirements.

The disposal sites being considered for the LLW are the DOE disposal facilities at the Nevada
Test Site and the Hanford site near Richland, Washington. Certain low-level waste streams,
such as the solidified waste from the isotope extraction process, would be stored onsite for 6 to
12 months to allow for the decay of most of the short-lived fission products in the waste. After
decay, this waste would be transported to the LLW disposal site.

Spent fuel elements would be generated at a rate of approximately 9 to 30 per year starting
after the year 2000. After removal from the ACRR, the spent fuel elements would be stored in
the GIF pool for an initial cooling period that would range from a minimum of one year to
possibly as long as 25 years, depending on the space available in the GIF pool. After removal
from the GIF pool, the spent fuel elements would be transferred to dry storage in one of the
existing TA-V buildings or in one of the lined underground storage shafts. The TA-V buildings
are constructed of reinforced concrete with concrete floors. The storage shafts range from 20
to 30 feet deep. Shaft liners are constructed of welded carbon or stainless steel 1/6 to 1/4
inches thick with caps made of steel with poured lead shielding. The openings are above grade
and include gutters to divert rainwater from the shafts.

If placed in the storage shafts, the sturdy stainless steel spent fuel elements would first be
placed in an inner container of welded steel to provide an additional barrier to water. If stored in
one of the existing TA-V buildings, the elements would be placed in shielded containers
designed specifically for spent fuel storage at SNL/NM. These containers would consist of an
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inner welded steel liner at least 0.6 cm (1/4 in) thick surrounded by a minimum of 15.25 cm (6
in) of concrete or lead shielding so that the external exposure rate would be reduced to contact-
handled levels (below 200 mR/hr). The concrete or lead shielding would then be packaged in
an outer layer of steel of sufficient thickness to support the shielding, i.e., at least 0.6 cm (1/4
in) thick.

The spent fuel elements would consist only of solids; no liquids would be present. Primary
containerization would be in a sealed and shielded container. The containers would be
shielded for handling and storage. Secondary containment would be in a building or a lined
storage shaft after removal from the GIF pool. The primary containerization and secondary
containment would serve to prevent any damage to the element during storage at SNL. The
spent fuel containers in a storage building or storage shaft would be able to withstand any
credible accident scenarios, such as fires, aircraft crashes, tornadoes, or earthquakes. The
storage facilities would be inspected regularly to ensure the integrity of the containers.

- No mixed wastes (wastes that are hazardous and radioactive) would be generated in the
isotope extraction process. However, some mixed waste would be produced by facility
operations that are incident to the manufacturing process. Examples of the mixed wastes that
could be generated include absorbent wipes, batteries, spent solvents, solvent rags, vacuum
pumps, electronics containing heavy metals, and lubricants that become contaminated with
radioactive materials. These mixed waste streams would be managed in accordance with
applicable requirements.

A decontamination capability would be part of the medical isotope production support programs.
A decontamination program would be required as part of routine operations, facility
maintenance, work planning, worker dose reduction, and emergency response capability. This
program would assist in ensuring control and monitoring of radioactive contamination and waste
and would employ clean-up and handling techniques to ensure that facilities and equipment
operate within required regulatory limits. Radioactive waste would be generated and would be
managed as part of the SNL/NM Radioactive Waste Management Program.

2.1.3 Post-Operational Action

Equipment may be modified or replaced during the course of operations. Regular maintenance,
including interim decontamination, would be performed as needed. If and when operations are
terminated, the affected facilities would be decontaminated and decommissioned in accordance
with the applicable DOE Orders or federal regulations. Currently decontamination and
decommissioning activities are covered under DOE Order 5820.2A. This Order states that
“radioactively contaminated facilities for which DOE is responsible shall be managed in a safe,
cost-effective manner to assure that release of, and exposure to, radioactivity and other
hazardous materials comply with Federal and State standards. Facilities, equipment, and
valuable materials shall be recovered and reused when practical” (DOE, 1988).

2.2 Alternatives
Section 2.2 presents a discussion of several alternatives to the proposed action. Section 2.2.1

discusses the No Action alternative. Section 2.2.2 discusses alternative target fabrication sites.
Alternate disposal sites are discussed in Section 2.2.3.

2/7/95 2-23 Draft EA



Pre-Decisional Draft

2.2.1 No Action

If DOE does not develop a medical isotope production program, the SNL/NM and LANL
facilities would continue in their current missions. As a result, the North American medical
community would have to rely on the current sole source of **Mo. Since 1989, AECL owned
and operated reactors in Canada have been the only supply source of ®®Mo and 25| for the
western hemisphere. In 1993, one of the two Canadian reactors was closed permanently,
leaving one operating. A second reactor was planned but abandoned due to cost
considerations. In summary, the U.S. is dependent on a single Canadian reactor for its entire
supply of high use, short-lived medical isotopes. In 1992, a threatened labor strike at the
Canadian facility was narrowly averted. The threat of an imminent shutdown of the only #Mo
supplier caused major U.S. concern in both the medical community and the administration.

If DOE takes no action, there is the possibility for private industry to develop the capability to
support the medical community’s needs as Cintichem did in the past. This is clearly the lowest
cost option from the DOE perspective, since no further investment would be required. The No
Action alternative is also the highest risk from the standpoint of supply interruption and its
economic ramifications. The high cost and high risk of market entry effectively eliminate any
private venture interest without significant DOE involvement. The critical nature of ®*Mo to the
country makes this option impractical.

The no action alternative would allow the TA-V facilities (ACRR, GIF, and HCF) to continue to
support DP initiatives. The activities required to support DP initiatives have and would continue
to have some impact on the environment in Albuquerque. Over the last several years the
estimated population dose from TA-V activities has averaged 0.032 person-rem (Culp et al.,
1993b) (See also Section 3.2.5.2, Current Radiation Environment). The maximally exposed
individual was estimated to have received 0.02 mrem in 1993 from TA-V activities. These
doses would increase or decrease under the no action alternative depending on the types of
activities conducted for DP; the doses would not be zero under this alternative.

2.2.2 Alternative Target Fabrication Sites

DOE proposes to use the LANL CMR facilities for fabrication of the target because LANL has
the facilities and organizational capability, experience, and expertise necessary to conduct this
activity. However, target fabrication could be performed at a number of sites other than LANL.
For example, DOE facilities at SNL/NM or Oak Ridge, Tennessee or commercial facilities such
as Babcock and Wilcox (B&W) in Lynchburg, Virginia could be used. The alternate fabrication
sites would use the same manufacturing process that is proposed for production at LANL.

The target transportation risk for transportation routes from these alternate fabrication sites to
SNL/NM is bounded by the transportation analyses conducted for truck shipments of targets
from B&W to SNL as presented in Section 4.0. In regard to transportation risk, fabrication at
SNL/NM facilities could be advantageous because the transportation of targets from the
fabrication site to SNL/NM would be eliminated.

2.2.3 Alternate Waste Disposal Sites

Other DOE disposal sites exist at INEL, Oak Ridge Reservation, and the Savannah River Site
(SRS). SNL/NM low-level waste could be disposed at any of these sites. However, none of
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these sites currently accepts low-level waste generated at offsite facilities. The potential
impacts and risks associated with transport to these sites would be comparable to or less than
the transport of LLW to the site at Hanford as presented in Section 4.0.

Commercial disposal facilities could also be potential sites for disposal of at least some
SNL/NM low-level waste. These sites include Envirocare in Clive, Utah, and U.S. Ecology
which is on land within the boundaries of the Hanford Reservation in the State of Washington.
As with the alternate DOE sites, the risks of shipping to these facilities would be similar to those
associated with the transportation to the proposed disposal facilities.

2.3 Alternatives Considered but Not Analyzed in Detail

Nine alternatives have been considered for the proposed action, but eliminated from further
analysis since the alternatives were not deemed reasonable. These alternatives are described
in the following sections.

2.3.1 Omega West Reactor

Technically, the Omega West Reactor (OWR) at LANL has the potential to produce %Mo. Like
the ACRR it could operate as a multi-mission reactor and thereby offset some operating costs.
The CMR hot cell facility is also nearby. The OWR is shut down however, and it would be
difficult and costly to restart. There are substantial hurdles to overcome in considering a restart
of the OWR.

° It has been determined that the primary coolant system at the OWR has developed
an underground leak. The Office of Defense Programs which “owns” OWR
determined that it did not have sufficient need to justify the cost of repair and restart.
Shutdown activities are currently in progress

. Although the reactor could be capable of restarting in two years, the general
attitudes against restarting an old nuclear facility may cause extensive delays.

. Transport of irradiated targets over roads, normally used by the public, from OWR to
CMR would be required.

The OWR could not initiate ®Mo production in as timely a manner as the ACRR. The OWR is
not a candidate for long-term production and is not available as a near-term solution.

2.3.2 Solution-Fueled Reactor

The ability of a solution-fueled reactor to produce medical grade ?Mo is under investigation at
LANL. The Solution High Energy Burst Assembly (SHEBA) was constructed in 1980 and uses
a uranyl fluoride, UO,F, (5 percent 235U) fuel. This critical assembly operates by storing the
fuel in a noncritical geometry and then pumping the liquid fuel into a tank that has a critical
geometry. The characteristics of this type of critical assembly are such that increases in power
and temperature reduce reactivity, and the system is “self-limiting.” The primary missions for
the assembly are to evaluate accidental critical alarm detectors for enrichment plants, to
provide radiation spectra and intensity measurements to benchmark calculations on a low-
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enrichment solution system, and to provide radiation fields to calibrate personnel dosimetry
(Malenfant, 1980).

This alternative process would use the SHEBA assembly to extract #*Mo directly from the fuel,
bypassing the dissolution step, and utilizing the #*Mo produced in the entire fuel. The chemistry
of the critical solution would have to be changed to uranyl nitrate. A small fraction of the
solution (typically 1-3 percent) would be continuously cycled through an ion exchanger column
to remove fission products, including the ®Mo. The %Mo would be extracted from the ion
exchanger and processed for shipment. Testing of the uranyl nitrate solution is underway. A
tube containing the solution is passed through SHEBA to measure its properties after
irradiation. The advantage of the technique is a reduced waste stream, but because of the
development involved, it would require many years to provide an approved system and, hence,
it does not appear to be a near-term solution.

2.3.3 Shipment of Irradiated Targets to Canada

The ACRR could be used to irradiate targets that would then be shipped to the currently
operating Canadian facilities for further processing.  This alternative would involve daily
shipment of extremely hot targets from both a thermal and radiation perspective. There is no
option to allow the targets to decay before shipment since the %Mo must be recovered shortly
after irradiation. The need for a domestic supply and the problems associated with the
shipment of irradiated targets preclude this alternative from further consideration.

2.3.4 Use of Alternative Target Designs

The Cintichem-type target is not the only target design that could be used for the medical
isotope production process. One alternative would involve use of the current Canadian-type
target. This target is an aluminum matrix target that has the undesirable property of generating
mixed waste (both radioactive and hazardous) during the production process. There is no
facility at present available for disposal of this mixed waste stream. Use of the Cintichem-target
does not generate mixed waste during the production process. Another alternative would be to
use a low enriched uranium target. It has not been determined if the ACRR could be operated
effectively using the low enriched target. Additionally, the number of low enriched targets used
would increase considerably, as would the amount of resultant process waste. For these
reasons, this alternative is dismissed from further consideration.

2.3.5 Air Cooled Heat Exchangers

In order to evaluate the possibility of reducing the amount of water which would be used in the
proposed action, this option is discussed. The ACRR is an open pool reactor with a pool water
temperature limit of 60°C (140°F). This temperature limit is typical for convectively cooled
cores in open pools. The temperature at which the ACRR is typically run, i.e., the preferential
temperature, is 40°C (104°F). An air cooled heat exchanger cannot cool the pool water to the
temperature of the outside atmosphere because there is not a sufficient water-to-air
temperature differential. As a result, the ACRR could not be operated continuously at 2-4 MW
because pool water temperature could not be maintained within allowable limits.

27195 2-26 Draft EA



Pre-Decisional Draft

2.3.6 Alternative Foreign Reactors

There are 1-10 MW pool type reactors in Russia that could potentially serve as sources for
%Mo. Similarly, several western European reactors could be used for medical isotope
production. These reactors are currently used for research and some isotope production
activities. These foreign sources are dismissed from further consideration because they do not
answer the need for a domestic supply of radioisotopes and the ability to meet 100 percent U.S.
demand on a reliable basis has not been demonstrated.

2.3.7 Alternative Operating U.S. Reactors

DOE has considered alternatives for the production of fission-generated radioisotopes including
the following (DOE,1994; Savoie, 1994):

Advanced Test Reactor (ATR)

The Advanced Test Reactor (ATR) at Idaho National Engineering Laboratory (INEL) is a 250
MW light water reactor used primarily for Naval reactors test programs. ATR has nine in-core
test positions of which four are available for routine use. ATR has been and is currently being
used for isotope production, notably 192Ir and €Co. INEL has substantial hot cell and
processing capabilities. ATR is capable of serving as an irradiation source for both long-lived
and short-lived radioisotopes.

The primary impediment to Mo production at ATR is its operating characteristics. ATR
operates for a period of six weeks followed by a 1 to 2 week shutdown for refueling. Further,
targets cannot currently be removed during operations. The result is that targets can only be
removed during refueling shutdowns since the reactor vessel must be opened to remove fuel or
targets. The addition of a shuttled irradiation device would alleviate this problem but would not
eliminate the shutdown period every six weeks. Even with a target removal system, the
operating cycle would prohibit the use of ATR for medical isotope production. While the
proposed action is to guarantee a backup supply, the backup must be continually producing
some level of medical isotopes to ensure that an assumption of production equal to 100 percent
current North American demand can be immediately met. ATR is not capable of continually
producing medical isotopes and its extended periods of time for refueling would mean that if
serving as a backup the supply of %Mo would be depleted or unavailable at least every six
weeks during refueling. With this limitation ATR could only serve as a sporadic supplier of *>Mo
in case the supply situation requwed some emergency production facility. In contrast, ACRR
would be available continually for ®*Mo production and unavailable only in the event that it was
needed for a test in a critical national emergency.

Other Reactors

Other operable DOE reactors, the Fast Flux Test Facility in Hanford, Washington and the Oak
Ridge High Flux Test Isotope Reactor in Oak Ridge, Tennessee are sufficiently different from
the Cintichem facility operation or could not meet economic and reliability constraints. These
reactors would require significant modifications for the insertion and removal of 9Mo targets.
The yearly operating cycles of these reactors also include periodic shutdowns, which is
unacceptable in light of 22Mo's short half life and the need for daily product deliveries. In short,
99Mo production at one of these other facilities would be neither reliable nor economical.
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Several universities also have nuclear research centers that have the ability to produce
isotopes. Examples include the University of Missouri, Georgia Institute of Technology,
Massachusetts Institute of Technology and MacMaster University in Canada. None of these
facilities has the required hot cell facilities to meet the criteria for ®®Mo production.

2.3.8 Accelerator Facilities

Particle accelerators (both linear accelerators and cyclotrons) are capable of producing
radioactive isotopes for medical use. AIthough accelerators can generally produce small
quantities of neutron-rich isotopes such as *Mo, their main advantage is the production of
proton-rich isotopes for research and positron emission tomography (PET). The process
consists of placing an appropriate target in the accelerated beam. The isotopes are generated
in the target through the absorption or emission of protons or neutrons. The exposed targets
are then chemically processed similar to the fission targets to produce the desired products.
Accelerator advantages include ease of operation and less radioactive waste than reactor
production. Disadvantages include significant and regular maintenance and the production of
only a single isotope at a time. In order to produce a viable amount of isotopes a particle
accelerator has to be operated with a beam current of approximately 1 milliamp. Typically
accelerators are built for high energy physics research which require much smaller (about 0.01
milliamp) beam currents. Further, viable isotope production would require a nearly dedicated
accelerator which is not compatible with the primary mission of most accelerator facilities.

However, two accelerator facilities that could be capable of producing viable amounts of
medical-grade isotopes are the Clinton P. Anderson Meson Physics Facility (LAMPF) at LANL
and the Regional Medical Technology Center (RMTC) in Waxahachie, Texas (formerly the
Superconducting Super Collider). The LAMPF mission is currently focused on studies of basic
nuclear physics, fundamental particle interactions, condensed-matter and atomic physics, and
chemistry as well as providing pulsed neutron beams for experiments at both the Manuel Lujan,
Jr. Neutron Scattering Center and the Weapons Neutron Resource. As part of this mission
LAMPF currently produces limited amounts of radioactive isotopes for medical research but
operations are limited due to other research activity and radioactive emission limitations. The
primary mission of the RMTC is proton therapy, but isotope generation is being considered in
the design phase. Isotope production at this facility could be conducted without impact to its
primary mission. Funding for this facility is highly speculative at this time and it is not clear
whether isotope production will be included in the final design.

All accelerator facilities also suffer from not having an accepted FDA Drug Master File. The
only current accepted FDA procedure for #Mo is a reactor-produced fission source. It is
conservatively estimated that obtaining a new Drug Master File for a different process would
take several years.

2.3.9 Uranium Recovery from Used Targets

Dunng the target irradiation process, only 0.1 gm (0.004 ounces) of the 20 gm (0.7 ounces) of

U would be consumed. As a result, the process waste from the isotope separation process
would still contain most of the 2°U. The 2*°U has some economic value and if recovered could
be used in other targets or other purposes. Without recovery, the ?**U would be disposed of
with the rest of the low-level radioactive waste.
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Recovery of the 2°U at SNL/NM would require the construction of a chemical recovery facility.
Otherwise, recovery operations would be performed at existing DOE recovery facilities. Such
facilities exist at both the Savannah River and Oak Ridge sites. Recovery of the 2°U at these
sites would require that the liquid process solution be converted to a form that is suitable for
transportation to these facilities. However, the solution forms suitable for transportation are
incompatible with the recovery facility capabilities.

The cost to develop either a recovery capability for liquid process solutions at SNL/NM or a new
recovery process for transportable solution forms at existing DOE recovery facilities is such that
this is a cost prohibitive option. For this reason, this alternative is dismissed from further
consideration.

2.4 Foreseeable Related and Future Actions

Although DOE has recently published an Advance Notice of Intent to prepare a Site-Wide
Environmental Impact Statement (SEIS) for LANL (FR, 1994), it is appropriate to proceed with
the medical radioisotope production program during preparation of the SEIS under the
restrictions established by the CEQ, (40 CFR 1506.1). The medical radioisotope production
program is independently justified inasmuch as it would be a means of providing important
products for diagnosis and treatment of human diseases. Target production at CMR would not
prejudice SEIS-related decisions because it is similar to work with uranium performed there
intermittently over the past 20 years.

Upgrades to the CMR Building that would support target fabrication include those already made
to the electrical system, to monitoring systems, and to the exhaust fans. These modifications
were part of CMR Upgrades, Phase |, covered by Environmental Checklists that were
categorically excluded from further National Environmental Policy Act (NEPA) review.
Additional and more extensive upgrades are being addressed in an EA but none of those
upgrades would be required for target fabrication.
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3.0 AFFECTED ENVIRONMENTS
3.1 Introduction

The potentially affected environments include SNL/NM, LANL, the highway and air corridors to
and from SNL/NM, and the radiopharmaceutical market. Each of these environments is
discussed in this section.

Since the proposed action is limited to modifications of existing buildings, a number of
environmental resources would not be impacted by this action. These buildings are less than
50 years old and are not eligible for listing on the historic properties list. Several other
environmental resources not affected by the proposed action have been eliminated from further
discussion. These resources are listed below:

recreation resources,

agricultural resources,

wetlands and floodplains,

historic preservation, and
e endangered and threatened species.
3.2 SNL/NM Facilities

The city of Albuquerque and Kirtland Air Force Base (KAFB) are located in Bernalillo County.
SNUNM is located on the KAFB installation immediately southeast of Albuquerque as shown in
Figure 3-1. Major transportation services are provided by the Albuquerque International Airport
and Interstates 40 and 25. The Sandia Mountains are northeast of KAFB and the Manzano
Mountains are to the southeast of the base. Directly east of SNL/NM are the foothills which
comprise the northern portion of the Manzano range.

The proposed program would use the ACRR, HCF, and GIF facilities located in the Technical
Area V (TA-V) complex at SNL/NM. Other major TA-V facilities include the Sandia Pulsed
Reactors (SPR II/SPR Ilf). In addition to these major facilities, small research laboratories,
machine shops, plant support facilities, and offices for operational personnel are located
throughout the area. The location of SNL/NM's Technical Areas with respect to the KAFB and
the city of Albuquerque is shown in Figure 3-2. TA-V is located 5.4 km (about 3.4 mi) south of
the major SNL/NM installation, Technical Area | (TA-).

SNL/NM is operated by Sandia Corporation, a wholly owned subsidiary of Martin Marietta
Corporation, for the U.S. Department of Energy (DOE). The area in which SNL/NM is located is
administratively known as KAFB East and comprises the facilities necessary to conduct
research consistent with the SNL/NM mission. DOE-owned land situated within KAFB covers
approximately 21,053 ha (about 52,000 ac). The total land occupied by the SNL/NM facilities is
about 1134 ha (2,800 ac) of DOE-owned land and another 8500 ha (21,000 ac) leased from the
U.S. Air Force (USAF), the U.S. Forest Service, the state of New Mexico, and the Isleta Indian
Reservation. Other facilities within the KAFB East area include the DOE’s Albuquerque
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Figure 3-1. Location of Sandia National Laboratories/New Mexico

-
Jemez Mts "& Sangre De Cristo Mts
ALos Alamos ‘
A J ? m ‘ A

LOS ALAMOS
NATIONAL
LABORATORIES

i
AM! Taylor
A

Sandia
Albuquerque

(/]

SCALE (KM)
0 10 20

(—, F—|

@ Interstates

Federal Highways
State Highways

Operations Office, the Defense Nuclear Agency Field Command, the USAF Air Force
Operational Test and Evaluation Center, the KAFB administrative offices, the KAFB
Underground Munitions Storage Center (KUMSC), and other smaller agencies. SNL/NM's
facilities are spread over the 9636 ha (23,800 ac) of leased and owned land and are organized
by function. The functions are typically centered in various Technical Areas that have been
established. There are five Technical Areas and one test area. The areas and uses includes:

e Technical Area . Administration, site support, technical support, component

development, research, energy programs, microelectronics, defense programs, and
exploratory systems.
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Figure 3-2. TA-V Location within SNL/NM and the KAFB/Albuquerque
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e Technical Area II: Testing explosive components.

e Technical Area Ill. Testing and simulating a variety of natural and induced
environments, including two rocket-sled tracks, two centrifuges, and a radiant-heat
facility. TA-lll has a use permit for the rocket-sled tracks, including land to the north of
TA-ll, plus a strip of property on the west boundary of the base.

o Technical Area IV: Applied pulsed-power sciences such as x-ray, gamma-ray, and
particle-beam fusion accelerators which are used to simulate nuclear weapon effects:
research on inertial-confinement fusion and particle-beam weapons.

e Technical Area V: Research and testing of various materials, such as electronics, in a
nuclear environment provided by low power nuclear reactors.

o Coyote Test Field: Various test activities on land parcels scattered throughout Coyote
Test Field. These parcels are on 1- to 5-year land-use permits from the USAF.

The majority of the medical isotope production activities would be centered in TA-V. The TA-V
lies west of the Manzano Mountains and east of the Rio Grande. The slope of the terrain is
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characterized by a consistently gradual decline toward the river. The terrain is characterized by
numerous small canyons that have been cut through the mesa by drainage from the mountains.

Routine access to the TA-V complex is over a paved access road, from Pennsylvania Street,
which passes near the main facilities in TA-l (Figure 3-3). Normal access to the area could be
restricted by traffic accidents or military convoys which occasionally travel the main paved
roads.

TA-V (Figure 3-4) is a discrete area, completely enclosed by two standard security chain-link
fences, except for the Office/Light Laboratory (O/LL), Building 6587 on the west side. All
regular entries and exits to or from TA-V are through a Perimeter Access Building (PAB,
Building 6577) manned by the SNL/NM Security Force. Nuclear facilities in the TA-V complex
are the:

ACRR housed in Building 6588,

Sandia Pulse Reactors Il and Il (SPR-I/l1),

HCF housed in Building 6580, and

Gamma Irradiation Facility (GIF) housed in Building 6588.

The main technical activities are housed in Buildings 6580, 6588, 6590, 6591, 6593, 6594, and
6597. Building 6582 contains a large conference room and serves as the assembly point for
potential emergency evacuations of TA-V. Other buildings provide laboratory and support
services for the nuclear facilities in TA-V. The O/LL, Building 6587, immediately to the west of
TA-V houses the administrative, analytical, and experiment support personnel for the nuclear
facilities. TA-V is bordered to the west and south by TA-lll. To the north is the access road to
TA-V and a vacant area controlled by KAFB.

Control of all personnel and equipment entering or leaving TA-V is maintained at one central
point, the PAB, Building 6577, which contains both personnel portals and a vehicle gate.
Security inspectors are assigned to the PAB at all times the site is open for business.
Personnel control is maintained by a computer-based personnel accountability system. This
provides the security inspectors with an up-to-date and accurate count of the total number of
people in the area at all times.

All activities in TA-V are currently under the administrative control of the Reactor Engineering
Technology Center. Direct operational and safety responsibility for the HCF and ACRR is
assigned to the Nuclear Facilities and Diagnostics Department. During an emergency, physical
access to TA-V by vehicles such as fire trucks and ambulances, is coordinated through the On
Scene Commander. TA-V ingress and egress is normally through the PAB. If use of the PAB
portals is not possible or practical, there is another vehicle gate in the west fence and a
personnel gate in the north fence that are normally locked but which can be opened. Use of
these gates must be coordinated with the onsite security and health physics personnel.

Detailed descriptions of the ACRR and associated facilities are given in Section 3.2.5.1, Site of
Proposed Action.
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Figure 3-3. Location of Technical Area V and Nearby Facilities
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Figure 3-4. Technical Area V Complex
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3.2.1 Hydrology and Water Usage

TECH AREA Il

There are no naturally occurring permanent surface waters in the immediate vicinity of the TA-V
facilities.

Topography near TA-V is dominated by Tijeras Canyon, about 3 km (1.9 mi) to the north. TA-V
is situated on a slight ridge of high ground that has several small drainage cuts (arroyos)
through the area. One arroyo of significance, Arroyo del Coyote, is about 0.8 km (0.5 mi) east
of the complex, running southeast to northwest and emptying into Tijeras Arroyo.

During heavy precipitation the arroyos effectively collect runoff from the mountains and divert
surface flow away from the area. Therefore, surface flows that could affect the area are limited
to that amount collected between TA-V and the arroyos. The heaviest precipitation to date in
this area has not produced general flooding in TA-V, although some localized flooding has
occurred outside the HCF since it is below grade. All precipitation occurring to the north, south,
and west is drained away from the complex by the natural surface slope and therefore does not
constitute a problem. General flooding of the site is extremely unlikely, and, on the basis of
historical evidence, is not apt to result from natural phenomena.
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The SNL/NM water system is connected to the KAFB water system, which in turn is supplied
from both KAFB wells and additional water purchased from the city of Albuquerque. Water
consumption at SNL/NM is approximately 3,790,000 l/day (1,000,000 gl/day) out of the
341,100,000 l/day (90,000,000 gl/day) used in the Albuquerque area. A single 254 mm (10 in)
pipe transports water, normally by gravity feed, from TA-l to TA-lll. At TA-lll a system of
valves, pumps, intermediate tanks, and an additional deep well, forward this water, also
primarily by gravity feed, to a large ground tank east of TA-lll through a 355.6 mm (14 in) pipe.
it is then ordinarily drawn from the large ground tank through the same 355.6-mm (14 in) pipe
to supply the water needs of TA-lll and TA-V. Current water consumption in TA-V is
approximately 9500 |/day (2,500 gl/day).

Should the main 254-mm (10 in) line from TA-I rupture, the large ground tank will continue to
provide water without interruption. The deep well and an intermediate tank at TA-lll, together
with the two auxiliary pumps, would be activated to replenish the large ground tank water
supply, though at a reduced rate. Another large elevated tank at TA-lll would supply
emergency water in the event of a break in the 355.6-mm (14 in) line between the large ground
tank and TA-III/TA-V. No normal operations in TA-V use the TA-lll water supply.

3.2.2 Seismology

TA-V is located on the eastern portion of the Albuquerque-Belen Basin, which is part of the Rio
Grande trough complex. The entire trough in the Albuquerque region is classified as a Seismic
Zone 2, as indicated by the Uniform Building Code's Seismic Risk Map of the United States
dated 1985 (Figure 3-5). This classification implies that the area will be frequently subjected to
moderate damage, that in terms of magnitude, corresponds to a Richter magnitude of M5 to M6
(Appendix D). Horizontal accelerations that are typical of these magnitudes range from 0.07 g
to 0.3 g.

Seismically, the Albuquerque area is characterized as a region of high activity but relatively low
magnitude and intensity. Seismic records indicate that the most active seismic segment of the
Rio Grande trough (for that portion in New Mexico) extends southward from Albuquerque to
slightly beyond Socorro [100 km (62 mi)]. Historical evidence indicates that the largest
earthquake expected within this zone in a 100-year period will be of M6 on the Richter scale.

In general, geological evidence indicates that the area has been relatively stable for a long
period of time and that strong earthquakes have not affected the area within the last 300 years.
Available recorded information indicates that about 600 earthquakes have occurred in New
Mexico since 1855. About 90 percent of them have originated in a narrow belt in the Rio
Grande trough between Albuquerque and Socorro, and shocks have been felt in at least 30
different years.

3.2.3 Climatology
T Humidi | Precipitati

The average daily temperature range is relatively high. Normal daily minimum temperatures for
winter months are about -5°C to -3°C (23°F to 27°F) and for the summer months, 14°C to 19°C
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Figure 3-5. Seismic Risk Map of the United States
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(57°F to 66°F). Normal daily maximum temperatures for the same periods are 8°C to 11°C
(46°F to 52°F) and 28°C to 33°C (82°F to 91°F), respectively.

The average annual rainfall for the Albuquerque area is just over 206 mm (8.2 in). The lowest
monthly precipitation occurs in the winter, with less than 13 mm (0.5 in). The highest average
monthly precipitation occurs from July to September, and accounts for about half of the annual
amount. Summer precipitation is usually the result of highly localized heavy thundershowers
that typically last an hour or less at any given location. The maximum observed precipitation in
a 24-hour period occurred in September 1955, when 49 mm (2 in) was recorded.

JTornadoes

Tornado occurrences in the state of New Mexico vary from a mean annual frequency of 0.2 to a
maximum of 1.1. Statistically, the highest frequency has been observed in the eastern half of
the state. For the western half of the state, generally demarcated by the Rio Grande and the
mountain ranges that parallel it on the east side, there is approximately one tornado every 3
years. In the Albuquerque area, which lies west of the Sandia and Manzano Mountains, only
two tornadoes have been reported in the last 20 years. These occurred in Albuquerque in 1985
and 1987, and are officially listed in the climatological records of the National Weather Service
as "small tornadoes.” Damage was very light, and no official wind readings were recorded.

3.2.4 Population Distribution

The population center of major concern is metropolitan Albuquerque. The city of Albuquerque
is adjacent to KAFB, occupying all land from the southwest quadrant clockwise through the
northeast quadrant. As shown in Figure 3-2, the closest approach to the TA-V complex is about
5.4 km (3.4 mi). The 1990 U.S. Census figures indicates that 385,000 people live within the city
limits, and over 480,000 live in the metropolitan statistical area.

TA-V

Normal work activities in TA-V are scheduled for Monday through Friday, 8:15 am to 4:15 pm.
The Nuclear Facilites and Diagnostics Department is responsible for ACRR and HCF
operations, and normally consists of about 30 people, including a Department Manager, a
secretary, and an operations staff. This department is part of a total TA-V work force of about
100 people, about half of which is located in the West Annex outside the double fence. TA-V
residents are assigned access badges that automatically activate the personnel accountability
system computer.

Other SNL/NM employees with work assignments that require them to be in TA-V are issued
temporary badges to record them into the personnel accountability system. Approximately 40
temporary badges are available for issue. The expected average population inside the fence at
TA-V during regular working hours is about 85 persons. All personnel are required to receive
an emergency procedures briefing before being allowed unescorted access to TA-V.

KAFB Areas Outside TA-V

The major locations whose population would be of immediate interest are SNL/NM Technical
Areas |, lll, and IV, KAFB underground munitions storage centers (KUMSC), KAFB Housing,
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and the KAFB Headquarters. The TA-l and KAFB Headquarters are located about 5.4 km (3.4
mi) north of the TA-V radiation facilities, and have a population of about 10,000 persons during
normal working hours. This is the largest single concentration of people in the SNL/USAF
complex on KAFB East. Of this number, about 8000 are SNL/NM employees and contractors.
The remainder are associated with or attached to various military and civilian government
organizations.

TA-IV is located 4.0 km (2.5 mi) north of TA-V, and has a normal work-day population of about
500 personnel, most of whom are SNL/NM employees.

TA-ll is adjacent to TA-V on the west and south sides, and has a population that may vary from
200 to 300 at any given time because of the transient nature of the diverse testing operations
for which this area exists; for the same reason, these people may be widely dispersed
throughout the area.

KUMSC is the nearest USAF facility with a significant population and is 1.7 km (1.1 mi)
northeast of TA-V. This facility has a work-day population of about 150 persons, and is
equipped with its own environmental control system. Operations at this facility have no impact
on TA-V. All other special areas or zones in KAFB East (including military facilities) either have
a small population or are located in a low meteorological probability zone (that is, a zone in
which winds from TA-V have a very low frequency of occurrence).

General Area

The KAFB East/Isleta Indian Pueblo boundary is 6.1 km (3.8 mi) south of the TA-V facilities;
there are no permanent residences along the boundary. A private cattle company occupies the
land bordering the western boundary of KAFB East, 3.1 km (1.9 mi) from TA-V. All other areas
within a radius of 6.0 km (3.7 mi) are under the control of SNL/NM, except a small area
immediately east of TA-l, which is within the Albuguerque city limits. The Four Hills
development is approximately 7.0 km (4.3 mi) northeast of the TA-V facilities.

Another zone of interest, because its population is transient, is the Albuquerque Intemnational
Airport. The airport shares runways and other flight facilities with KAFB, forming an integral
unit, and consists of all the private and commercial facilities located at the western-most part of
the airfield complex. Two drivers and two handlers would be directly involved with loading
products at the airport, and approximately 10 additional people would be in the general area
during loading. An exact analysis of the number of persons in the terminal and surrounding
facilities is not available, but peak occupancy may be several thousand people. The airport
terminal and maintenance facilities are located 9.3 km (5.8 mi) northwest of the TA-V complex.
This area is controlled by civil authorities, and the SNL/NM Emergency Plan provides for proper
and timely cooperation with those authorities.
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3.2.5 Current Conditions
3.2.5.1 Site of Proposed Action

Annular Core Research Reactor

The ACRR facility, consisting of the reactor and all support systems required for its operation
and conduct of experiments, is located in TA-V at Building 6588. Sketches of the ACRR are
shown in Figures 3-6 and 3-7. The ACRR became operational in 1978 and was originally
designed with characteristics suitable to support weapons programs (Reuscher, 1982). The
producing radioisotopes, especially for those isotopes produced in the fission process.

ACRR’s capability to have large-volume, thermal-flux traps makes it a viable resource for

Gamma Irradiation Facility

The GIF pool is a rectangular stainless steel lined pool that has a portion open to the Building
- 6588 high bay, and a portion covered by heavily shielded dual confinement boxes. The GIF
contains high activity cobalt and cesium sources that are used for gamma-irradiation
experiments. Construction on a new and separate GIF facility located in the TA-V complex is
scheduled to begin shortly. The GIF sources are scheduled to be moved to this new facility
within two years.

The GIF pool would be used in the isotope production program to transfer irradiated targets
from the ACRR tank to the transfer cask for movement to the HCF. The GIF pool could also
store spent fuel elements generated during the isotope production process. The GIF has its
own separate cleanup loop to control contamination and water purity.

Hot Cell Facil

The HCF is located in Buildings 6580 and 6581 in TA-V. The HCF is composed of the
mechanical equipment room, the monorail system and associated debris-bed cask, the liquid
nitrogen holding tank, the hydraulic system housed in Building 6581, and the central facility
housed in the basement of Building 6580. Generally, however, the term HCF is used to
designate the Building 6580 basement. The HCF is constructed to allow safe remote handling
of nuclear (fissile) and radioactive materials. It is primarily a research laboratory with limited
facilties for experiment assembly and disassembly and small-sample preparation for
microscopic, radiological, and chemical analyses.

The HCF is a robust underground concrete-shielded structure that contains 3 laboratories: the
hot cell laboratory, the glove box laboratory, and the analytical support laboratory. The HCF
walls are massive, 0.3 to 1.1 m (1 to 3.5 ft) thick depending on location, to provide shielding for
handling highly radioactive materials. The basement location of the HCF offers considerably
more protection. The earth surrounding the outer walls and ceiling varies from about 1.5 m (6
ft) to essentially infinite thickness. Thus the radiation hazard to the surrounding area is very
low.

The HCF has multiple ventilation zones. Differential air pressure is maintained between these

zones to ensuyre that air flows from areas of lower potential contamination to areas of higher
potential contamination.
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Figure 3-6. ACRR Reactor Tank and Pool Cooling
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Auxiliary Facilit

The ACRR high bay, central and the Fuel Ring External Cavities, and the GIF cells each have
their own ventilation system. Each ventilation system has flow rates sufficient to maintain the
serviced area at a negative pressure differential relative to the outer environment. Each system
contains HEPA filters to ensure that all air released to the environment during upset conditions
is filtered prior to release.

The current location of the ACRR control room is shown in Figure 3-7. During the past several
years, a new computer-aided control room has been designed and constructed that is more
remotely located than the current configuration. This new control room is awaiting final checkout
and approval by the Sandia safety committees and DOE before being used. Using the new
control room is part of the proposed action.

Rooms 109 and 108 (Figure 3-8) in the HCF are available for storing process waste containers.
These rooms are shielded by thick concrete walls. The minimum wall thickness in these rooms
is 1.45 m (4.8 ft) for the interior walls and 0.6 m (2 ft) for exterior walls which are backed by
earth. Room 109 would be used as the primary waste container storage area. Room 108 is
potentially available for backup storage capacity. The preferred approach would be to use
Room 109 for waste storage and to use Room 108 to load waste containers into shipping casks
for transportation to the disposal site. The benefit of this approach is having ample process
shielding while loading unshielded waste containers into shipping casks.

Room 109 has approximately 61 m? (660 ft?) of floor space, 6.7 m x 9.1 m (22 ft by 30 ft). This
room could store approximately 160 waste containers. Room 108 has approximately 68.5 m?
(740 ft%) of floor space, 7.5 m x 8.1 m (24.6 ft by 30 ft). This space could store approximately
180 waste containers.

3.2.5.2 Current Radiation Environment

SNL/NM has maintained an Environmental Radiological Monitoring Program since 1959. The
program staff collects soil, arroyo sediment, vegetation, and water samples that are analyzed
according to established plans and procedures. In addition to these sampling and monitoring
activities, another program that began in 1981 uses thermoluminescent dosimeters (TLDs) to
measure ambient levels of external gamma radiation at each major facility. TLD monitoring
locations are also present around the SNL/NM perimeter and at locations in the surrounding
community.

Background radiation originates from cosmic (extraterrestrial), terrestrial (radioactive elements
in the earth’s crust) and internal (radionuclides in food and water) sources, as well as from
radon. The average total exposure to the general population in the U.S. is about 360 mrem/yr
(NAS, 1890). Radon, cosmic, and terrestrial sources contribute to the external gamma
exposure. The external gamma exposure from background radiation levels, however, is
affected by many environmental factors, including elevation and seasonal variations. In the
U.S., the external exposure rates range from 50 to 125 mR/yr. In Albuquerque and the
surrounding community, this rate is estimated to be about 105 mR/yr.

The results of TLD measurements for SNL/NM, the SNL/NM perimeter (within Kirtland Air Force
Base boundaries), and the community or background (17 locations around Albuquerque and
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within an 80-km radius of SNL/NM) are summarized in Table 3-1. These averages are based
on 1991 and 1992 SNL/NM environmental monitoring data (Culp et al., 1992; Culp et al,
1993a), and are within expected exposures for Albugquerque and vicinity.

Table 3-1. Average Annual Ambient Radiation Levels (mR/YT)

LOCATION 1991 1992
SNL/NM 92.5+11.8 103.0+94
SNL/NM Perimeter 89.4 +20.0 100.6 £ 19.8
Community 90.7+17.6 100.5 + 19.0

Figure 3-8. Building 6580 (Basement)

| e ]

Eight facilities at SNL/NM reported releases of airborne radionuclides during 1993 (Culp et al.,
1993b). A total of 3.2 Ci of argon-41, 0.62 Ci of nitrogen-13, 0.012 Ci of oxygen-15 and 1.9 Ci
of H-3 were released as a result of SNL/NM activities in 1993. The National Emission
Standards for Hazardous Air Pollutants (NESHAP) maximally exposed individual (MEI) was
determined to be located at the Kirtland Underground Munitions Storage Complex (KUMSC)
facility on KAFB. As shown in Table 3-2, the maximum effective dose equivalent calculated for
this location was 0.02 millirems per year (mrem/yr), or 20 percent of the 0.1 mrem/yr dose that
would require continuous monitoring by NESHAP. SNL conducts continuous monitoring as a
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management practice, rather than by NESHAP requirement. The total population dose within
the 80.5 km (50 mi) radius surrounding SNL/NM was calculated to be 0.027 person-rem during
1993 from SNL/NM operations, compared with 57,000 person-rem from external exposure to
natural background radiation.

Radionuclides are produced and released at the ACRR as a result of operating the facility
reactor that generates “'Ar. It is estimated that the ACRR could generate a maximum reactor
power of 1.06e+07 MJ/yr. Power production at that rate would release 218 Cifyr of *'Ar (LATA,
1991). Although the ACRR is not expected to operate at maximum capacity, the dose
calculated for maximum capacity is less than 0.1 mrem/yr to the maximally exposed individual
at the KUMSC closest to the source.

Table 3-2. Estimated Public Radiation Exposure from SNL/NM Activities
(Population Within 80.5 km [50 Mi] of SNL/NM)

1991 1992 1993
*MEI Effective Dose Equivalent 0.0014 mrem 0.0034 mrem 0.02 mrem
% of 10 mrem/yr Dose Limit 0.01% 0.03% 0.2%

Total Population Collective Dose 0.018 person-rem 0.020 person-rem 0.027 person-rem
from Operations

Total Population Collective Dose | 57, 000 person-rem | 57,000 person-rem | 57,000 person-rem
from Natural Background

* MEI - Maximum Exposed Individual

Current emissions from the HCF result from disassembling nuclear components. Only gases
are released on a routine basis. A potential release is based on a release fraction of 1e-06 for
bulk solids, 1e-03 for particulate, and 1.0 for gaseous materials. For the HCF, it is assumed
that all of the fuel material is solid except for gaseous iodine, tritium, and krypton. For
maximum capacity, the calculated dose for the maximally exposed individual at the KUMSC,
located 1610 m (1 mi) northwest of TA-V, is 2.1e-03 mrem/yr (LATA, 1991).

P Radiological Expo f Worl in Area V
Table 3-3 shows the radiological doses received by personnel working in the ACRR/HCF area
in the years 1993 and 1994. For comparison, the annual allowable dosages for a radiological

worker are set at 5 rem and 50 rem for full body and extremity dosages, respectively, by DOE.
SNL has set an administratively controiled limit of 500 mrem/yr for a radiation worker.
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Table 3-3. Radiation Doses Received by Personnel Working at ACRR/HCF Area during
1993 and 1994 (Data from Monthly Exchange Dosimetry Reports,
Radiological Protection Department, Dept. 6521, SNL/NM)

1994 Dose 1993 Dose
(9 months) Rem (12 months) Rem
13 Workers | Whole Skin Extremity 12 workers | Whole Skin | Extremity
Body Body

Min 0.010 0.010 0.010 Min 0.034 0.034 | 0.096
Max 0.519 0.748 1.695 Max 0.418 0.677 | 1.465
Average 0.177 0.231 0.351 Average 0.112 0.182 | 0.474

4 workers with no dose 1 worker with no dose

3.2.5.3 Waste Management
Low-Level Waste

SNL/NM currently generates approximately 70.8 m® (2500 ft3) of uncompacted LLW each year.
Currently, the SNL/NM ACRR and HCF generate about 35 percent (24.4 m® or 860 ft°
uncompacted) of this LLW (Seylar, 1994). When compacted, this waste would fill about thirty-
nine 55-gallon drums. Much of this LLW is personnel protection equipment (PPE) and wipes,
with the remainder consisting of discarded items that are contaminated with radioactive
materials. This waste is packaged in a form acceptable for disposal at a designated LLW
disposal site.

Waste Water Effluents

SNL/NM currently discharges about 3,790,000 | (1,000,000 gl) of sanitary sewage each day.
TA-V has two separate connections to the sanitary sewage lines. One is a direct connection for
non-radioactively contaminated wastewater generated in offices, including sink drains,
lavatories, toilets, etc. The other connection is to the recently instalied Liquid Effluent Control
System (LECS). All discharges from the process drains (including the ACRR and HCF) are
routed to the LECS and monitored for radioactive contamination before the tank contents are
pumped into the sewer system. The LECS contains three 18,950 | (5,000 gl) tanks used for fill,
sampling, and backup capacity. The LECS ensures that all facility effluents are monitored to
verify that there are no discharges of radioactive materials in excess of the established legal
limits.

Water discharges into the LECS system from the TA-V facilities currently average less than
380 | (100 gl) per day. It is not possible to quantify separately the total amount of sanitary
sewage discharged directly into the sewer system from TA-V alone, since the closest
monitoring station provides combined data from both TA-lll and TA-V. This combined sewage
discharge ranges from 189,500 to 265,300 | (50,000 to 70,000 gl) per day, or about 6 percent of
the SNL/NM total. '
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3.3 LANL Facilities

3.3.1 Location and Description of LANL Facilities

LANL is a DOE facility located on 111 square km (43 mi2) of land in Los Alamos County in
north-central New Mexico, approximately 100 km (62 mi) north-northwest of Albuquerque.
LANL is on the Pajarito Plateau, a series of mesas and canyons, at an elevation of about 2,200
m (7,200 ft) above sea level. The LANL site contains prehistoric and historic cultural resources,
flood plains, wetlands, and habitat that is highly suitable for several state and federal threatened
and endangered species (Bowen 1990; LANL 1994). However, since all target fabrication
activities would take place in existing buildings, none of these resources would be adversely
affected by the proposed action.

Detailed descriptions of LANL environs, its climatology, meteorology, hydrology, flood plains,
wetlands, cultural resources, and habitat suitable for threatened and endangered species are
presented in the site-wide Environmental Impact Statement (DOE, 1979). The annual
surveillance reports prepared by LANL Environmental Protection Group in the Environment
Safety and Health Division, describe the LANL environment, including archaeology, geology,
seismology, geographic setting, land use, hydrology, climatology, meteorology, and population
distribution of Los Alamos and surrounding areas (LANL, 1994). These are incorporated by
reference. Relevant information is summarized below. The general location of LANL in the
county and New Mexico is shown in Figure 3-9.

3.3.2 Hydrology and Water Resources

There are no naturally occurring, permanent surface waters at LANL. The nearest source of
permanent water is the Rio Grande, which flows through White Rock Canyon 10.4 km (6.4 mi)
to the southeast. All surface-flows within LANL originate from storm water runoff or from
National Pollutant Discharge Elimination System (NPDES) permitted outfalls from LANL
facilities. Intermittent flows and storm-water runoff infiltrate the alluvium of the canyon bottoms
unti their downward movement is impeded by less permeable tuff and volcanic sediment. This
results in shallow alluvial groundwater bodies.

Water use rate for all of Los Alamos County is about 5.5 billion I (1.43 billion gl) annually (LANL,
1994). This represents 79 percent of the total diversion rights available to DOE under its
permit. LANL uses about 1.9 billion | (0.5 billion gl) of water annually.

3.3.3 Seismology

LANL is on the western edge of the Rio Grande Rift. Evidence suggests that only one
earthquake of Richter scale magnitude 5.5 has occurred in the vicinity of Los Alamos in the past
150 years. This is based on geologic studies of motion along faults and on seismic monitoring.
Los Alamos lies on the boundary between Zones 1 and 2 designated by the Uniform Building
Code of 1991. LANL facility designs are based on the more restrictive Zone 2 criteria. In the
event of an earthquake typical of Zone 2, the buildings would be expected to remain intact and
the distribution systems for water, gas, and other utilities would not be expected to rupture.
Evaluating the earthquake risk at Los Alamos is based on the results of a study of seismic
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Figure 3-9. Location of Los Alamos National Laboratory
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hazard for DOE sites (Coats, 1984). The design basis earthquake has a ground surface
acceleration of 0.30 g (gravity force) and a predicted occurrence of once every 5,000 years.

Additional seismic studies were made in 1992 and 1993; seismic criteria are being re-evaluated
in light of the results.

3.3.4 Climatology

Los Alamos has a semi-arid, temperate mountain climate with about 45 cm (18 in.) of annual
precipitation.

3.3.5 Population Distribution

In 1992, Los Alamos County had an estimated population of approximately 18,200 (based on
the 1990 U.S. census adjusted to July 1, 1992). Two residential and related commercial areas
exist in the county. The Los Alamos town site has an estimated population of 11,400. The
White Rock area, including the residential areas of White Rock and Pajarito Acres, has about
6,800 residents. Approximately one-third of the 7,550 people employed by the University of
California at LANL commute from other counties. The 1990 census conducted by the U.S.
Census Bureau indicates that approximately 215,000 people live in Los Alamos County and the
adjoining counties of Rio Arriba, Santa Fe, and Sandoval.

The place nearest to the Chemistry and Metallurgy Research (CMR) facility continuously
occupied by a member of the public is the edge of Los Alamos townsite, about 1 km (0.6 mi)
north. The nearest public access road, Diamond Drive, is 100 m (330 ft) away. The community
of Los Alamos lies to the north, and the community of White Rock lies to the east-southeast.
These are shown on Figure 3-10. The prevailing wind path at TA-3 is to the northeast, which
favors transport of emissions toward the Los Alamos townsite (LANL, 1994).

LANL is 32 km (20 mi) northwest of the city of Santa Fe 56 km (35 mi) by road, 32 km (20 mi)
southwest of Espanola, and 80 km (50 mi) north of the city of Albuquerque (150 km [93 mi]) by
road.

3.3.6 Current Conditions

3.3.6.1 Site of Proposed Action

Chemist | Metalluray R h Buildi

The CMR at LANL TA-3 (Fig. 3-11), is a large (50,505 mzv 545,000 ftz) reinforced-concrete
structure with a basement, a first floor, and an attic (the administrative wing and Wing 1 contain
second-floor office areas). The building is centered on a spinal corridor oriented in a north-
south direction; the administrative wing and seven laboratory wings (wings 1, 2, 3, 4, 5, 7, and
9) extend from the corridor. The spinal corridor is a three-story, reinforced-concrete structure
providing access to all wings. The building contains a waste assay facility at the loading dock
between wings 1 and 4 and a nuclear material storage vault between wings 1 and 5.
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Figure 3-10. Los Alamos National Laboratory
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Wing 9 was added in 1959 and is of different construction from the rest of CMR. Wing 9's roof
consists of a long span of metal deck supported by steel roof beams. The total area of the first
floor of Wing 9 is approximately 2,045 m? (22,000 ft). The first and second floors are
constructed of cast-in-place concrete slab and joist system or flat slabs (12.7 -27.9 cm [5-11 in.]
thick). The floor systems are supported on concrete beams and columns. Wing 9 was
constructed to the Uniform Building Codes (UBC) of 1960 for Seismic Zone Il. The wing would
maintain structural integrity in an earthquake with a horizontal acceleration of 0.02g. Laboratory
space in Wing 9 would be used for the target fabrication process and the vault would be used to
stage highly enriched 235 for electroplating and to accumulate prepared targets before they are
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shipped. Figure 3-11 shows the floor plan of CMR with the position of Wing 9 and the proposed
target fabrication area.

The heating, ventilating, and air conditioning (HVAC) system for Wing 9 allows for one air
change per hour for the areas normally occupied by personnel. Air is exhausted through an
atmospheric protection system equipped with a HEPA filter bank. The pressure drop across the
HEPA filter is tested routinely to ensure that the HEPA is intact. In addition to the HEPA filter,
there is a roughing filter at the stack through which the hot cell and general Wing 9

@?

Figure 3-11. CMR Floor Plan

(130 ft) Filter Filter
p— 40 m——] Tower Tower
Hot Cells
N T ] WING 5 WING 4
WING 9 > \QD
T arget WING 1 ‘—I7
Fabrication—{p I—I -
Area . Equipment/ Equipment/
Equipment/ Change Rooms Ch
Change - ange
Rooms Rooms
WING 7 WING 3 WING 2
Administrative Wing
Filter Filter Filter
Tower Tower Tower

exhaust air flow. The HEPA filter has an efficiency rating of 99.95 percent for particles greater
than 0.3 microns, and the roughing filter has an efficiency rating of 90 percent. Ahead of these
filters is a sodium hydroxide (NaOH) bubbler, which neutralizes any acid fumes.

Most of the low-level radioactive aqueous wastes from CMR drain directly into the industrial
waste main. The industrial waste lines are also known as acid drain lines. These lines transfer
the wastes from lab sinks, the duct washdown system, and overflow from the circulating chilled
water system. The waste lines tie into a main line that exits from the southwest corner of the
basement and discharges to the Radioactive Liquid Waste Treatment Facility (RLWTF) at the
TA-50 main industrial waste line. Radioactive liquid wastes may also be drained into the
stainless steel holding tanks at SM-154 (a separate structure just west of Wing 9). The system
includes monitoring capability for pH, flow, and valve and pump status (which are transmitted to
a computer at TA-50). From the tanks, the waste is pumped into the same industrial waste
main. RLWTF discharges treated effluent to Mortandad Canyon.
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3.3.6.2 Environmental Quality and Monitoring Program

LANL supports an ongoing environmental surveillance program, as required by the DOE
Orders. This program includes routine monitoring programs for radiation, radioactive emissions
and effluents, and hazardous materials management at LANL. The resuits are published
annually (LANL, 1994).

3.3.6.3 Current Radiation Environment

Normal operations at LANL produce radioactive air emissions (LANL, 1994). Air emissions are
routinely sampled from 88 release points. The major source of radioactive emissions is
LAMPF, which releases short-lived (8 second to 20 minute half-life) air activation products. The
quantity released depends on the amount of time the facility is in operation. In 1992, LAMPF
released 71,950 Ci of mixed air activation products, a 25 percent increase over the previous
year. The maximally exposed individual, located across a canyon north of LAMPF received a
dose of 6.1 mrem in 1992 (LANL, 1994). The average Los Alamos resident's dose was 0.12
mrem.

In 1992, 0.014 mCi of 2°U were released from all of TA-3 stacks including CMR. The total 2°U
release from LANL as a whole was 0.022 mCi. An individual located about 1,000 meters north
of CMR, in Los Alamos townsite, receives about 5 x 10° mrem annually due to CMR
operations.

Consequences of the doses can be expressed as risk of excess fatal cancer cases. DOE has
adopted the Nuclear Regulatory Commission’s (NRC’s) recommended risk conversion factors.
The assumed risk is 400 cancer fatalities per million person-rem for workers and 500 cancer
fatalities per million person-rem for the general public (NRC, 1991).

In 1992, the average individual's dose of 0.12 mrem from LANL operations increased that
individual's chance of premature death from cancer by less than 1 in one million (LANL, 1994).
Normal background radiation dose in Los Alamos is 340 mrem. The TLD reading on 48th
Street, the neighborhood nearest to CMR, was 105 mrem, compared with readings in Santa Fe,
Espanola, and Pojoaque of 92-97 mrem (LANL, 1994).

3.3.6.4 Waste Management

Sanitary Wastewater

LANL's NPDES permit includes nine sanitary wastewater treatment facilities. During 1992, the
effluent exceeded the permit limits in one of the 266 samples collected.

Radi ive Wast |

LANL's radioactive wastewater is collected at Radioactive Liquid Waste Treatment Facility
(RLWTF) at TA-50, where it is treated by ferric chloride precipitation (LANL, 1991). The solids
are filtered, dewatered, and collected in drums for disposal as LLW. RLWTF processes about
20 million | (5.2 million gl) of waste water annually. The effluent is discharged into Mortandad
Canyon. This discharge infiltrates a thick section of unsaturated alluvium in the lower reaches
of the canyon, which is monitored annually. Treated effluents do not generally flow beyond the
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LANL boundary. The liquid infiltrates and recharges a shallow body of groundwater in the
alluvium (LANL, 1994). This shallow aquifer is of limited extent and lies completely within LANL
boundaries. Most of the radionuclides in the effluent are absorbed or bound to sediments in the
stream channel. A series of sediment traps in the canyon, constructed in the 1970’s were re-
excavated in 1992 to restore their original sediment retention volumes. In 1991 and 1992, the
20 million liters (5.2 million gallons) of effluent contained no 2°U (LANL, 1993, 1994).

Solid Waste - General

LANL has established procedures to be in compliance with all applicable laws and regulations
for collecting, storing, processing, and disposing of routinely generated solid wastes at
established facilities, on- and offsite. Waste minimization programs are being implemented to
decrease the quantities of waste generated.

Solid Waste - Industrial Wast

Noncontaminated solid wastes are salvaged if they have value or they are sent to the Los
Alamos County sanitary landfill if they do not. LANL disposed about one-third of the total waste
discarded in 1992. LANL contributed 121 metric tons (133 tons) of construction rubble and
11,000 metric tons (12,100 tons) of other rubble and trash to the total 33,700 metric tons
(37,100 tons) of waste accepted at the county landfill.

Solid Waste-Low-Level Radioactive W.

LLW is collected by LANL's waste management personnel and taken to TA-54, Area G, which
is the onsite burial area. LANL generates about 4,500 m® (160,000 ft3) of LLW annually (LANL,
1991).

3.4 Transportation Routes

Overland transportation of radioactive materials is normally achieved by commercial truck in
containers that are approved by DOT, NRC, and DOE. The proposed action would follow this
procedure. In addition, most transportation under the proposed activity would be along
interstate or other primary highways well suited to cargo-truck transport. Appendix L contains
descriptions of the representative routes which would be used under the proposed action.
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4.0 ENVIRONMENTAL IMPACTS

This section assesses the potential environmental impacts from routine activities associated
with the production of medical radioisotopes at SNL/NM with target fabrication at LANL. The
section also discusses the impacts from routine shipments of unirradiated targets from LANL to
SNL/NM, and as backup supply to AECL at Chalk River, Ontario. The transportation impacts
include shipments of **Mo from SNL/NM to pharmaceutical suppliers in the U.S. and waste
shipments. Potentially affected groups of people include target fabrication personnel, ACRR
personnel, HCF personnel, transportation crews, and members of the general public. A
summary of these potential impacts is found in Table 4-26.

Since the construction activities in the proposed action are limited to modifications of existing
buildings, a number of environmental resources would not be impacted by this action. These
buildings are less than 50 years old and are not eligible for listing on the historic properties list.
Several other environmental resources not affected by the proposed action have been
eliminated from further discussion. These resources are listed below:

e recreation resources,

agricultural resources,

wetlands and floodplains,

historic preservation, and
e endangered and threatened species.

Normal operations were evaluated for mechanical, radiological, and toxicological (chemical)
impacts. Except for diesel fume emissions from transportation activities, the evaluation
concluded that there would be no toxicological impacts on workers, the environment, or the
public as a result of normal operations. As a result, toxicological impacts are discussed only for
the transportation activity.

4.1 Normal Operations
4.1.1 Pre-Operational Impacts

As discussed in Section 2, Proposed Action and Alternatives, the proposed action would require
some construction and modification activities at both LANL and SNL/NM. The environmental
impacts associated with these activities would result primarily from construction and clean-up
worker doses and transportation risks for waste disposal. Individual annual worker doses would
be maintained below a 500 mrem administrative exposure limit which is one-tenth of the 5,000
mrem limit established by DOE.

4.1.1.1 CMR Activities

At LANL, modifications to the CMR facility would include some room configurations. The room
reconfiguration process would generate some low-level radioactive waste (LLW) from the
removal of existing walls and floor coverings as well as some uncontaminated construction
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trash. Preliminary estimates are 10 m® (353 ft°) of LLW and 5 m® (177 ft°) of uncontaminated
trash. LLW would be taken to the LLW disposal site at TA-54, Area G, Uncontaminated trash
would be recycled if possible or discarded in the Los Alamos County sanitary landfill.

4.1.1.2 ACRR Activities

At SNL/NM, the installation of the equipment storage tank (EST) in the ACRR building would
require building modifications. The south wall of the lowbay would be partially demolished to
accompllsh the construction and would be rebuilt on completion of the work. Approximately 183
m? (6500 ft3 ) of non-contaminated earth below the existing lowbay floor would be excavated for
the storage tank. The penthouse would be extended over the lowbay and the 3-ton penthouse
crane rails extended to provide coverage over this area. A non-load-bearing portion of the wall
between the highbay and lowbay would be removed so that hardware can be moved between
the ACRR and the EST. A small amount of low-level radioactive waste may be generated in
cleaning up the cavnt); purge system prior to disassembly for relocation to the highbay roof.
Less than 1 m® (35 ft”) of such waste, including gloves and wipes, is anticipated. If charcoal
filters and HEPA filters are replaced rather than reused, the volume of low level radioactive
waste would double. The low level waste would be stored and then disposed at NTS or
Hanford. A preliminary estimate is that about 10 m? (353 ft%) of non-radioactive construction
trash would be generated and recycled or disposed of in the Bernalillo County landfill.

The construction of the EST would have no effect on the medical isotope production proposed
action. Additionally, the maintenance of the EST would have no effect on isotope production.
There would be no emissions to the atmosphere from equipment storage. Since the EST would
be installed inside an existing facility no new land areas would be disturbed. For these reasons
there are no further discussions in this environmental assessment (EA) of the environmental
impacts associated with the proposed tank and hardware storage.

4.1.1.3 HCF Activities

At SNL/NM, modification activities potentially include replacement of the steel confinement boxes
and ventilation systems within the HCF. Radioactive wastes accumulated by the cleanup and
decontam|nat|on of the HCF would be packaged and shipped to a disposal facility. Up to 212 m®

(7500 ft® ) of radioactive waste would be generated by the pre-production activities. It is expected,

as with the HCF wastes generated from production activities, that the pre-production generated
wastes would be shipped to NTS or Hanford for disposal.

4.1.2 Operational Impacts

4.1.2.1 CMR Target Fabrication Normal Operations
Radiological | I

Expected radiation doses to involved personnel would result from external contact with By
rather than from inhalation because all operations would be carried out in glove boxes. The
doses are not expected to exceed 150 mrem/person/year. Less than ten individuals would
potentially be exposed. The worker population dose would not exceed 1.5 person-rem
annually. Using the NRC dose conversion factor, this dose could be correlated with a 1 out of
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1,666 chance that one of the 10 workers would get a fatal cancer as a result of working in the
facility for a year.

Other workers in Wing 9, in adjacent facilities, and members of the public would not be
expected to receive a dose from target fabrication.

Mechanical Risk |
No mechanical risks have been identified.

Waste Management

Anticipated additions from target fabrication to the LANL waste streams are summarized in
Table 4-1 below, which shows a slight increase (2.5 percent) in treated effluent that would not

exceed treatment capacity at LANL.

Table 4-1. Annual Waste Stream Increases Due to Target Fabrication at LANL

Waste Stream LANL Normal Target Percent
Operations Fabrication Increase
Uranium air emissions 0.022 mCi none expected 0
Radioactive Liquid 20 million liters 0.5 million liters 25
Waste Effluents
(treated)

2% in Effluent 0 none expected 0
Uncontaminated Solid 11,121 metric 5 cubic meters << 1
Waste tons (< 10 metric ton)

LLW 4,500 cubic Pre-production:
meters 5 cubic meters <1
Operational:
5 cubic meters <1

4.1.2.2 ACRR Normal Operations

The ACRR would be required to operate in the steady-state mode 24 hours per day, 7 days per
week, in order to meet the full North American demand for ®Mo. For 200% of North American
demand, up to eight targets would be removed for processing daily. Other configurations,
irradiation times, and power levels are possible depending upon production requirements. The
irradiated targets would be removed from the ACRR central cavity and moved underwater to
the GIF pool through ports that connect the ACRR and GIF pools. Once this transfer is
complete, the reactor would be brought back to operating conditions. The targets would be
stored in the GIF pool for several hours to allow for decay of very short half life fission products
before transfer to the HCF. " At least six hours will pass after the targets are removed from the
reactor before they are processed. The six hour waiting period is a requirement in the MDF.
The radioactivity associated with a 21-kW, 7-day irradiated target is shown in Figure 4-1 and
the decay power in Figure 4-2. Assuming a six hour delay before processing in the HCF, the
217195

Page 4-3 Draft EA



Pre-Decisional Draft

target activity for a 21-kW, 7-day target is approximately 15,000 Ci and the decay power is
about 100 watts.

Figure 4-1. Target Activity Following a 21-kW, 7-day Irradiation
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DAYS AFTER IRRADIATION IN ACRR

4.1.2.2.1 Water Consumption

Installation of the proposed heat exchangers/cooling tower heat rejection capabilities would
enable the ACRR to operate continuously at 2 to 4 MW while maintaining the reactor pool
temperature below 40° C (104° F). At the upper level of 4 MW continuous power expected for
isotope production, the cooling system would increase the water consumption at TA-V by about
110,000 /day (29,000 gal/day). The total water use by SNL/NM is about 3,790,000 l/day
(1,000,000 gal/day), current TA-V total water use is about 9,500 l/day (2,500 gal/day), and the
Albuquerque area water use is about 340,000,000 I/day (90,000,000 gal/day). Therefore, the
water consumption due to operating the reactor at 4 MW would represent a 1160 percent
increase in TA-V use, 3 percent in SNL/NM water use and 0.03 percent in Albuquerque area
water use over present levels.
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Figure 4-2. Target Decay Power Following a 21-kW, 7-day Irradiation
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DAYS AFTER IRRADIATION IN ACRR

4.1.2.2.2 Radiological Impacts
The primary radiation source in the ACRR facility is the reactor core. Fission products produce
high levels of radiation; however, the radiation levels are reduced by the reactor tank cooling
water. Table 4-2 lists examples of potential radiation sources.
ACRR design features that provide shielding include:

e Approximately 6 m (20 ft) of water over the reactor core.

e Concrete shell for the reactor tank.

e Earth fill around the reactor tank up to about 1.2 m (3.9 ft) from the top.
Only reactor personnel who have successfully completed radiation worker safety training are
permitted unescorted access into controlled radiation areas. Workers undergo extensive
operations and safety training prior to beginning hands-on activities in the ACRR. Facility

access is controlled by doors that can be electronically locked via the reactor control panel.
Doors can also be padlocked to prevent access.
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Table 4-2. Potential Radiological Hazards Associated with Normal ACRR Operations

Potential Hazard Description of Operation

Direct exposure to radiation o Transfer of incoming targets from shipping
containers to storage vaults

e Target transfer into and out of ACRR
e Fuel element movements

e Maintenance activities involving reactor
coolant system

e Maintenance activities involving control rod
drive systems.

Release of radioactive material to the high bay Transfer of incoming targets from shipping

or the high bay ventilation system containers to storage vaults; fuel element
movements

Release of loose surface radiological e Maintenance activities in and around

contamination into work area, ventilation reactor tank and bridge structure

system, or the environment

Radiological areas, as defined in 10 CFR 835, are posted and labeled with the dose equivalent
a worker could receive in that area, the concentration of airborne radioactive material, and,
where appropriate, the amount of surface contamination present consistent with the SNL
Radiological Control Manual. Radiation monitoring equipment, located throughout the facility,
consists of the RAMs for gamma radiation and the CAMs for gross alpha, beta, and gamma
activity. Portable radiation survey equipment is routinely used by health physics personnel to
monitor and survey the facility, materials movement, and facility personnel. Action levels on the
radiation alarm systems are typically set at about 10 percent of the allowed external dose
annual limit for air monitors and 10 mrem/hr for area monitors.

The design basis for all ACRR facility modifications and operational procedures is the SNL/NM
ALARA requirement that the maximum annual radiation dose to any individual worker will not
exceed 500 mrem. To meet this criterion, based on a 2000-hour work year, the maximum
permissible radiation level in the new ACRR control room would average 0.25 mrem/hr. The
principal operation that would provide the maximum worker exposure to radiation is the removal
of the loaded transfer cask from the GIF pool and onto the forklift for transport to the HCF.
During this operation, if necessary to achieve the ALARA goal, reactor power may be reduced
or completely shut down, and the crane operator would be protected to reduce radiation
exposure to acceptable levels. Personnel exposure may be further limited through job rotation.
Formal operating procedures would be developed to ensure that the ALARA goal is met.

Normal Operations - Exposure to Workers

For normal operating conditions, including exposure from leaking targets and fuel elements,
radiation exposure of operations and maintenance personnel would include direct radiation from
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the reactor and effluents in the pool, i.e., volatile radionuclides released into the high bay, ("N,
“IAr and ®H), and direct radiation from targets in the transfer cask.

The dose rate levels and occupational exposure for performing the ACRR functions would stay
within the goals of ALARA. The design goal of 500 mrem/yr for operations and maintenance
personnel would be met by reducing exposure levels where possible through actions such as:
1) decreasing the time requirements to perform tasks by using operating procedures, 2) limiting
access to areas to required personnel, and 3) increasing the shielding where possible and
practical. Table 4-3 presents the estimated dose rates, time requirements, and dose
commitments for workers involved in the ACRR operations. These estimates are tentative and
would vary depending on the actual dose rates in the areas where a required task is performed.
Exposure levels would be monitored continuously using detection equipment and by monitoring
personnel dosimetry. For tasks where the design limits would be exceeded, ALARA principles
would be examined to determine if the levels can be lowered. If the dose levels cannot be
lowered, other personnel would be utilized on a rotating basis.

SNL/NM uses administrative controls based on individual dosimetry data to ensure that no
individual worker exposure exceeds 500 mrem (0.5 rem) per year. A minimum of 20 workers
would be required in order to maintain the dose levels below the 0.5 rem/yr design limitations.
Of these, 15 would be required to perform the operational duties for the reactor (including
health physics support). The other five would be required for target handling, transfer, and on-
line maintenance and surveillance. This latter group may also be utilized in other non-radiation
areas for maintenance and/or surveillance. Total annual worker population dose for reactor
operations would be 10 person-rem (20 persons x 0.5 rem per person). Current annual total
worker population dose is approximately 2.3 person-rem.

Table 4-3. Estimated Annual Doses for Continuous ACRR Operation for **Mo Production

Required Est'd Annual

Est'd Dose Rate Total Time in Personnel for All Worker Dose
Function (mrem/hr) Exposure Field Shifts (mrem)
Reactor Operator <0.25 24 hr/d, 7 diwk 10 <500
Health Physics 5 1 hr/d, 7 diwk 5 360
Support
Target Transfer & 5 1 hr/d, 5 d/wk 3 430
Cask Prep.
Surveillance & 5 0.5 h/d, 5 d/wk 2 325
Maintenance
N LQ fi - Offsite D Estimaf

Downwind dose calculations were performed using CAP88-PC (Parks, 1992) for continuous
releases, and MACCS (Chanin, 1990) for instantaneous releases. (Two codes are required
because CAP88-PC is designed to model only continuous releases.) The dose and/or dose
rate values presented represent the individual effective dose equivalent at the location given. A
distance of 1610 m (1 mi) NW represents the location of KUMSC, an underground munitions
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storage site that contains the closest population group. An exclusion zone is an area
surrounding TA-V where access is controlled in the event of an emergency at TA-V. A radius of
3000 m (1.9 mi) was chosen as the exclusion zone for TA-V after an evaluation of locations of
worker populations, general members of the public, and road access points. A distance of 5400
to 6000 m (3.4 to 3.7 mi) north is representative of the closest public living area, and 20,000 m
(12.4 mi) northwest is a representative distance for the population centers of Albuquerque.

Radioactive effluent releases from ACRR operations are currently dominated by the release of
“Ar through the neutron bombardment of air in the central cavity. With the central cavity
removed for ®*Mo production, the *'Ar release would be substantially reduced. The dominant
releases to the atmosphere would be through evaporation and diffusion of the pool water
containing 3H (tritium) and “IAr. No routine operational releases of pool water to the sewer
system would occur.

The average historical and expected radioactive effluent releases through the high bay exhaust
are shown in Table 4-4. Historical releases are based on past operating conditions and
assume that the reactor is operated continuously at 11.5 kW, which is equivalent to a yearly
average of the total energy produced. Expected releases assume the reactor is operated
continuously at 4 MW.

Results indicate that the downwind dose rates would decrease from the current operating
scenario, due mainly to lower *'Ar emissions that would result from the removal of the central
cavity. Tritium release would increase due to higher evaporation rates as a result of continuous
reactor operation. Overall the total dose rate from ACRR air emissions would decrease
because the decrease in dose from reduced *'Ar emissions would be greater than the increase
associated with tritium emissions.

Table 4-4. Average Historical and Expected Annual ACRR Radioactive Effluent Releases

Isotope Cilyr Annual Dose (mrem) at Distances (m) from ACRR
300 m 1610 m 3000 m 6000m 20,000 m

AVERAGE
HISTORICAL

Ar-41 14.8 1.30e-02 | 444e-03 | 1.92e-03 | 6.44e-04 | 6.36 e-05

Tritium 6.33e-05 | 9.50e-09 | 3.48e-09 | 1.65e-09 | 6.96e-10 | 1.65e-10
TOTAL 14.8 1.30e-02 | 444e-03 | 1.92e-03 | 6.44e-04 | 6.36 e-05
EXPECTED

Ar-41 2.2 191e-03 | 6.60e-04 | 2.86e-04 | 9.46e-05 | 9.46 e-06

Tritium 2.2 3.30e-04 | 1.21e-04 | 5.72e-05 | 242 e-05 | 5.72 e-06
TOTAL 4.4 224e-03 | 7.81e-04 | 343e-04 | 1.19e-04 | 1.52e-05
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The latent cancer fatality risk associated with normal ACRR operations during *Mo production
at the 200 percent production level would be 3.9e-10 per year for the maximum individual
located at the KUMSC facility located 1610 m (1 mi) from TA-V. At 200 percent production,
total annual dose for the entire general population would be 15.1 person-rem with an
associated LCF risk of 7.6e-03/yr. This leads to the estimate that the average annual
probability of any one individual in the general population of Albuquerque of developing a fatal
cancer from ACRR operations would be about 1 in 60,000,000. This would also mean an
increase in one’s average annual fatal cancer risk from all causes of approximately 0.003 per
year to 0.00300001 per year.

Leaking T | Fuel E| - Off-Site Estimat

Even though rigorous design and thorough testing of all fuel elements and targets would be
used, the structural integrity of fuel elements and targets is expected to fail on a basis of 1 per
year at a 200 percent production level. To estimate the expected doses which would result
from leaking targets and fuel elements, downwind dose estimates were calculated by
conservatively assuming that 50 percent of all noble gases and halogens potentially produced
in a target or fuel element were |mmed|ately released into the pool and then released to the
ventilation system (Powers, 1991). The **Mo target leak was assumed to occur following a 21-
kW, 7-day target irradiation, and the fuel element leak after a 25-kW, 5-year fuel irradiation
(maximum target and fuel element activity). A 129 target leak was also assumed to occur at the
end of a 7.5-hr irradiation. Using ORIGEN2, the total activity released from the high bay stack
was calculated for each of the noble gas and halogen species (see Appendix E for details).

Using the stack release values from Appendix E, dose estimates can be calculated and are
shown in Table 4-5. These results assume that one *Mo, one '%| target, and one fuel element
leaks per year. Data |nd|cate that the major contributor to the downwind doses for leaking
targets and fuel elements is **Xe. The water cleanup loop would remove most of the iodine
from the pool, making it unavailable for release, but for conservatism 50 percent of all iodine
was assumed to be released to the ventilation system.

Table 4-5. Downwind Dose Estimates for Leaking Targets and Fue! Elements in ACRR

Event Stack Individual Dose (mrem) at Distance from ACRR
Release (Ci) | 300m [1610m | 3000 m 6000 m | 20,000 m

Leaking fuel 83 15 0.38 0.09 0.011 0.0005
element
Leaking Mo 57 09 0.22 0.05 0.007 0.0003
target
Leaking '%°| 1.5 0.01 0.0029 | 0.0007 | 0.0003 | 0.0001
target
Total 141 2.4 0.6 0.14 0.018 0.0008
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The maximally exposed offsite individual located at 1610 m (1 mi) from the ACRR would
receive an estimated dose of 6e-04 rem from all leaking targets and fuel elements. The
corresponding LCF risk would be 3e-07. For the general population, total dose would be 04
person-rem, with an LCF impact of 2e-04. This means that the annual probability of an
individual developing a fatal cancer within the general population of Albuquerque resuiting from
a leaking target or fuel element is 1 in 2,000,000,000.

4.1.2.3 HCF Operations

in the normal operations section which follows, the expected operations (i.e., work processes)
within the HCF are generally described along with personnel requirements and the anticipated
time necessary to complete each operation.

Activities associated with **Mo processing include preparation of chemical reagents used in
®Mo extraction, precipitation, and purification; and QA/QC testing of the final product from each
target. There are a number of confinement systems that would be used during normal
operations. These systems include the SCBs, and, in the Room 106 laboratory, glove boxes
and a fume hood. The glove boxes may be operated with an argon atmosphere to eliminate or
minimize the possibility of a reaction of water vapor or oxygen and sensitive materials. The
fume hood in Room 106 is a standard chemical hood with a prefilter/HEPA filter system. The
blower provides exhaust air to the Area V stack system.

The HCF ventilation zones with their corresponding air flow patterns and filtration systems are
shown in Figure 4-3. Differential air pressure is currently maintained between various regions
within the hot cell to ensure air flow always occurs from a higher zone designation (higher
pressure) to a lower zone designation (lower pressure). Zone 1 is the inside of the dedicated
processing boxes; Zone 2A is the region between the shielding walls, Zone 2 includes the
remaining region inside the airlock located at the entrance ramp; and Zone 3 includes the
airlock, west manipulator bay, changing room and scanning electron microscope areas. As part
of the facility modifications, the ventilation system would be re-designed to ensure that there
would be no activity buildup in areas not protected by radiation shielding.

4.1.2.3.1 HCF Radiological Impacts

All HCF facility modifications would be engineered to meet the 500 mrem/yr dose limit. HCF
operations would comply with the dose limit structure in the administrative procedures and also
work closely with the SNL/NM ALARA Committee to ensure that operations have been
stringently reviewed to assure compliance with the regulations and ALARA.

Target Transfer to HCE

A shielded transfer cask would be used for the transfer of irradiated targets from the GIF pool
inside the ACRR facility to Zone 2A of the HCF. Figure 4-4 shows the expected dose rates 1 m
(3.3 ft) from the centerline of the transfer cask as a function of the shielding thickness. For a
16-cm (6.3 in) thick depleted uranium cask, an irradiated target with a 6-hour decay would
produce a dose rate of 3 mrem/hr at 1 meter from the centerline of the cask. A two-person
team would conduct the transfer of irradiated targets from the GIF pool to the HCF. If the same
team members were in direct contact with the transport cask every day, each person could
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Figure 4-4. Dose Rate as a Function of Shield Thickness for an Irradiatied
Target Loaded in the Transfer Cask
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receive more than the 500 mrem per year dose allowed by the SNL administrative dose control
limit from this single operation. However, several teams would be used as a normal part of the
operations plan to control individual doses. A maximum of three teams would be needed for
transfer of enough irradiated targets to produce 200 percent of the current North American
demand for ®®*Mo. It is estimated that the rotation of teams would reduce exposure over a year
to approximately 325 mrem per person for this task. Hence, the total worker dose would be
bounded by approximately 2 person-rem (6 x 0.325 rem [325 mrem] per person).

Direct worker exposure to radiation would be reduced once the transfer cask is inside the
shielded Zone 2A of the HCF. There would be no impact to the general population as a result
of normal target transfer operations.

Normal Operations - Exposure to Workers

Operations in addition to target transfer that could have radiological impact are listed in Table
4-6. Estimated worker doses for HCF activities with the potential for radiation exposure are
summarized in Table 4-7.

Normal Operations - Offsite Dose Estimat

Under normal operations, the only radioactive discharge to the environment would be the noble
gases krypton and xenon. In addition, any noble gas precursors such as iodine and bromine
released from the process line would either remain within the box or be trapped in the charcoal
filters, but would eventually decay to a noble gas which would then escape. Estimated
maximum annual doses (200% production, 2080 targets/yr) at 300 m (984 ft), 1610 m (1 mi),
3000m (1.9 mi), 6000 m (3.7 mi) and 20,000 m (12.4 mi) from atmospheric radionuclide
releases during normal HCF ®*Mo processing are presented in Table 4-8.

Doses were calculated assuming a 6-hour interval between the end of target irradiation and the
start of target processing. The following additional assumptions were also applied:

¢ The target has been irradiated at-approximately 21 kW for 7 days.

e The extraction of nobles and halogens occurs after 6 hours and the purification process
is complete 8 hours later.

¢ 5 percent of the nobles and halogens initially present are not extracted by the cold trap.
This is a very conservative number because the actual amount present after extraction
would likely be less than 1 percent.

¢ 0.1 percent of the nobles and halogens are estimated to be in the piping connecting the
cold trap and the target. These would be released into the SCB (and ultimately the
atmosphere through the ventilation system) when the sealed cold trap is disconnected
from the sealed target.

e The 0.1 percent of halogens released into the SCB are not cleaned up and eventually
decay into krypton and xenon that is released into the atmosphere.
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Table 4-6. Potential Radiological Hazards Associated with Normal HCF Operations

Potential Hazard Description of Operation

Direct exposure to radiation e Loading transfer cask into first process
SCB

e Transfer of QA/QC sample to lab
e QA/QC testing
e Transfer of product to shipping

Release of radioactive material to the e Valve movement to separate target and
ventilation system cold trap (<0.1% fission gases lost)

e %Mo processing steps

Gradual decay of |, Br in charcoal filters and ¢ Valve movements to separate target and
SCB to Kr, Xe. Nobles released through cold trap (<0.1% halogens released)
ventilation system

e %Mo processing steps

Table 4-7. Estimated Dose Rates and Occupational Exposures for Continuous HCF
Operation and 200% **Mo Production*

Required Est'd
Est'd Dose Rate Total Time in Personnel for All Dose/Worker

Function {mrem/hr) Exposure Field Shifts (mremlyr)
Move targets into 10 0.15hr/d, 5d/wk 6 325
SCB
Processing in HCF <0.25 10 hr/day, 5d/wk 27 <500
Sample transport 1 0.15hr/d, 5d/wk 3 65
to QC lab :
QC testing 1 1 hr/d, 5diwk 3 260
Product transfer to 10 0.33 hr/d, 5d/wk 6 220
shipping

*  200% of North American demand would require irradiation and processing of up to 2080 targets per
year (40 targets per week).

Table 4-8. Estimated Annual Doses for Normal HCF Operations at 200% of Production

(2080 targets/yr)
Hrs After Maximum Individual Dose (mrem)
Irradiation
300 m 1610 m 3000 m 6000 m 20,000 m
6* 10 35 2.1 0.9 0.3

*At 100 percent production, doses would be one-half of those reported. For example, at
6000 m (location of closest residents) the annual dose would be a maximum of 0.5
mrem.
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o 50 percent of nobles and halogens remaining in the process liquid at six hours after
irradiation are released into the ventilation system. This is very conservative since the
sealed process liquid containers should release a maximum of only 1 percent.

o Conservatively assume that there exists only a 90 percent efficiency for each charcoal
filtration exhaust stage in a 3 stage filter system. Since 5 percent of the total halogen
inventory is assumed to remain with the process liquid, then only 0.0025 percent of the
target halogen inventory would escape to the environment.

Appendix G provides a detailed description of the model and data used to estimate potential
normal radionuclide releases. The doses presented here are expected to overestimate the
actual doses by about a factor of 50 to 250, due to the low estimate of cold trap extraction
efficiency and retention in process solution containers. It is anticipated that, during the initial
process equipment implementations, design features would be introduced which would
minimize release to the environment. For example, additional charcoal filters would be added
to the HCF ventilation system to minimize any release of iodine and bromine. All releases
would also be continuously monitored to determine releases from operations and would be
strictly controlled. It is also anticipated that, with operating experience, experience-based
process design improvements would be implemented to further reduce emissions to levels as
low as reasonably achievable.

Antici | Operational Q - Off-Site Dose Esfi

Table 4-9 summarizes the estimated doses for the anticipated SCB spill scenarios discussed in
Section 2.1.2.5. At an estimated maximum probability of occurrence of once per year, the
event with the highest release, loss of all cold trap nobles and halogens, would increase the
annual dose shown in Table 4-8 by about 2 percent. The anticipated spill scenarios would have
minimal impact on the general public and no anticipated impact on workers.

The risks associated with normal HCF processing of ®Mo are summarized in Table 4-10. Data
incorporate all of the assumptions used to generate the dose data for a processing rate of
2080 targets/yr. As a basis of comparison, total population dose in the Albuquerque metro area
during 1993 from natural background radiation was 57,000 person-rem (Culp et al, 1993b).

4.1.2.4 Cumulative ACRR and HCF Emissions

The medical isotope production activities at SNL/NM involving the ACRR and HCF would result
in radioactive emissions simultaneously from both facilities. The impacts associated with the
cumulative emissions from the ACRR and HCF are presented in Table 4-11 and 4-12.

SEN-35-91 states that “the risk to the population in the area of a DOE nuclear facility for cancer
fatalities that might result from operations should not exceed one-tenth of one percent (0.1%) of
the sum of all cancer fatality risks resulting from all other causes. For evaluation purposes,
individuals are assumed to be located within 10 miles of the site boundary.” (DOE, 1891). In
order to determine if **Mo production would meet this requirement, it is necessary to consider
the average annual cancer fatality rate for the Albuquerque metropolitan area. According to the
University of New Mexico School of Medicine, New Mexico Tumor Registry, the annual death
rate from cancer in Bernalillo county is 150 deaths per 100,000 persons, and has been at this
level for more than 30 years (Key, 1995). Total population within a 16 km (10 mi) radius of the
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Table 4-9. Estimated Individual Doses for HCF Incidents
Incident Dose (mrem)

300 m 1610 m 3000m | 6000 m | 20,000 m
Target spill, all nobles and 0.148 0.0523 0.034 0.015 0.0024
halogens released 6 hrs
after irradiation
Cold trap release of 0.28 0.099 0.064 0.028 0.0046
nobles and halogens from
2 targets, processing
starts 6 hrs after
irradiation
Process solution spill, 5% 0.0074 0.00262 0.00088 | 0.00075 | 0.000122
of nobles and halogens
released 6 hrs after
irradiation
Complete release of 125|* 0.07 0.027 0.022 0.009 0.0004
during processing

* Does not take credit for any charcoal filter.

Table 4-10. Estimated Total Annual Population Dose and Risk Data for Normal HCF
Operations, 2080 Targets/Yr Processed Per Year*

Activity Maximum Individual
Dose (1610 m) Total Population
Dose LCF Dose LCF
(rem) (person-rem)
HCF Processing | g gp3s5 1.75¢-6 140 0.07
Operations

HCF Incidents 0.00018 9e-8 7.2 0.0036
Total 0.0037 1.84e-6 147 0.074

AAt 100 percent production, doses would be one-half of those reported in this table for
the HCF Processing Activities.

Table 4-11. Cumulative Radiological Doses from ACRR and HCF Operations at 200
Percent Production

Dose to Individual (mrem)

300 m 1610 m 3000 m 6000 m 20,000m
12.9 4.28 2.66 0.97 0.31
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Table 4-12. Cumulative Radiological Risks from ACRR and HCF Operations at 200
Percent Production

Maximum Individual Public Dose Total Population
Dose (mrem) Risk (LCF) Dose (Person-Rem) Risk (LCF)
4.3 2.2e-6 163 0.08

HCF and ACRR is approximately 386,000; therefore, total annual deaths from cancers from
causes other than medical isotope production would be approximately 600. In the case of Mo
production there would be less than a one in ten chance that there would be one additional
cancer fatality in addition to the expected 600 in the Albuguerque area or 0.01 percent increase
in annual deaths due to cancer.

4.1.3 Waste Management
ACRR Operations

Spent fuel elements that would eventually be generated after the year 2000 as a result of
continuous ACRR operation would be first stored in the GIF pool. Between 9 and 30 fuel
elements would be generated annually. After a sufficient time period (~6 months) to allow for
decay of fission products, the spent fuel elements could be loaded into dry storage casks and
stored onsite at SNL/NM awaiting final disposition. DOE is currently preparing an EIS on spent
fuel management. The EIS is scheduled for release in 1996 and, as a result, disposition
options would be identified for any spent fuel generated through isotope production activities.
This should preclude long-term storage of the fuel elements at SNL/NM. Any interim storage of
spent fuel would have minimal environmental impact.

The proposed eventual BeO-UO, core replacement would require storage of the core in the GIF
pool. Storage of the BeO core or any spent fuel elements in the GIF pool would not have any
impact on target transfer activities.

HCE Operations

The waste management activities associated with the process wastes would be conducted in
the Zone 2A of the HCF alongside the isotope extraction processes. These activities would
include the neutralization and solidification of the liquid process wastes and the packaging and
containerization of contaminated process hardware and the solidified wastes. Once a full
container of waste is accumulated, the waste container would be moved into Room 109 of the
HCF for storage for at least six months prior to transportation to the LLW disposal site. All of
these activities would be conducted remotely; therefore, there are no mechanical risks to facility
workers. The radiological risk and the public doses calculated for the isotope extraction
processes bound the risk associated with process waste management operations. In addition,
since these operations would take place in the HCF, the HCF accident scenarios and facility-
related event frequencies also apply to the process waste management operations.
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4.1.4 Transportation Impacts

The potential impacts associated with transporting radioactive materials related to the proposed
action are estimated for the following types of shipments shown in Table 4-13.

Table 4-13. Shipment Types, Origins and Destinations

Shipment Type OrigLin Destination
Unirradiated Targets LANL SNL/NM
LANL Ottawa, Ontario
Radioisotopes SNL/NM Boston
SNL/NM Chicago
SNL/NM St. Louis
SNL/NM Ottawa, Ontario
Ottawa, Ontario SNL/NM
Hot Cell Facility SNL/NM NTS
Wastes SNL/NM Hanford

Incident-free impacts and accident risks are estimated for two time regimes, 1) annually, and 2)
life of program (assumed to be 30 years). Appendix A, Section A.7 describes the shipping
campaigns used in the analysis completed for this section.

4.1.4.1 Pre-Operational Transportation Impacts

A bounding estimate for impacts associated with the transportation of the pre-operations wastes
was derived by assuming that the entire inventory of these wastes would have the same specific
activity as the HCF wastes as modeled in the transportation risk assessment in Section 4.1.4.4
and would be shipped in the same container as the production HCF wastes. In order to establish
a very conservative estimate, the radionuclide inventory model of pre-operations HCF waste was
based on the inventory of a 21 kW 7-day irradiated target, 180 days out of reactor. Waste
shipments were modeled as B-3 waste casks containing a radionuclide inventory equivalent to 14
such targets. However, not all pre-operations waste would need B-3 packaging. This
conservative assumption for HCF pre-operations construction waste over-estimates actual
impacts by a factor of at least one hundred. The waste capacity of the B-3 is essentially
equivalent to that of a 55 gallon drum, 0.2 m® (7.5 fta). Thus, the pre-operations waste
transportation campaign was modeled as 1000 B-3 cask shipments, each shipment having an
inventory equal to that of fourteen 21 kW-7 day irradiated targets (This inventory is documented in
Appendix L.). The estimates of incident-free impacts are summarized in Table 4-14. The
incident-free dose estimates are dominated by exposure to the public, particularly exposure to the
public at rest stops during shipments. The total public dose estimates from the pre-production
waste shipments (12 person-rems for the NTS waste disposal option, and 21 person-rem for the
Hanford option) would be about one quarter of the estimated dose to the public from the
production HCF waste shipments over the entire anticipated life of the program at a production
level of 200 percent of the current North American demand for %Mo (see Section 4.1.4.4).
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Table 4-14. Pre-Production Hot Cell Cleanup Waste Shipment Impacts

Waste Repository Location NTS Hanford
Shipments 1000 1000
Incident-Free Impacts Person-Rem LCF Person-Rem LCF
Truck Crew 1.7 6.8e-04 29 1.2e-03
Public Off Link 0.098 4.9e-05 0.15 7.5e-05
On Link 0.90 4.5e-04 1.1 5.5e-04
Stops 9.6 4.8e-03 17.0 8.5e-03
Public Total 11.0 5.3e-03 18.0 9.1e-03
Total 12.0 6.0e-03 21.0 1.0e-02
Maximum Individual (rem) 1.8e-05 9.0e-09 1.8e-05 9.0e-09

4.1.4.2 Unirradiated Target Shipment Impacts

Transportation impacts associated with shipments of unirradiated targets were estimated for two
sets of target shipments. The first is the set of target shipments from LANL to SNL/NM to support
the production of radioisotopes at SNL/INM's TA-V. The second is the set of target shipments
from LANL to Ontario, Canada, to support the production of radioisotopes at Nordion in Chalk,
River, Ontario. Shipment of unirradiated targets to SNL/NM were modeled as exclusive-use truck
shipments where a single package of 24 targets would be shipped per truck. Shipments to
Nordion were modeled as two stage shipments - exclusive-use shipments from LANL to
Albuquerque International Airport (AlA), and then exclusive-use air cargo from AIA to Ottawa,
Ontario.

Tables 4-15 and 4-16 show transportation dose estimates for various population groups. For
shipments to SNL/NM the dose to the public (persons sharing the route with the shipments and
living along side of the route), 1.9e-02 person-rem/yr, dominates the total dose estimate of 2.5e-
02 person-rem/yr. The remaining dose is attributed to the truck crew. No worker dose was
estimated for the handling of the target packages during loading and unioading. Worker doses
associated with the loading and unioading of the unirradiated targets was incorporated into the
impact assessment of the LANL target production operations and the SNL/NM ACRR operations.
For shipments to Ottawa, Ontario, the total dose estimate of 6.3e-02 person-rem/yr is evenly
distributed among crew, air cargo handlers, and the public. The dose estimates for public are the
same as for the shipments from LANL to SNL/NM since the public would receive no dose during
air cargo operations. The crew dose for shipments to Ottawa included both the truck crew dose
and the aircraft crew.

An alternative to fabricating the targets at LANL would be to fabricate the targets at Babcock and
Wilcox in Lynchburg, Virginia. The targets could be transported directly from Lynchburg to
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Table 4-15. Incident-Free Radiological Transportation Impacts
Unirradiated Targets Shipped to SNL/NM from LANL

Annual Impacts

Market Share 30 percent 100 percent 200 percent
Shipmentsliyr 13 44 87
Impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 9.0e-04 3.5e-07 3.0e-03 1.2e-06 6.0e-03 2.4e-06
Workers 0.0 0.0 0.0 0.0 0.0 0.0
Public 2.8e-03 1.4e-06 9.6e-03 4.8e-06 1.8e-02 9.5e-06
Total 3.7e-03 1.8e-06 1.3e-02 6.0e-06 2.5e-02 1.2e-05
Maximum Individual (rem) 3.1e-08 1.6e-11 1.1e-07 5.3e-11 2.1e-07 1.0e-10
Total Life of Program Impacts (30 years)
Market Share 30 percent 100 percent 200 percent
Impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 2.7e-02 1.1e-05 9.1e-02 3.6e-05 1.8e-01 7.2e-05
Workers 0.0 0.0 0.0 0.0 0.0 0.0
Public 8.5e-02 4.3e-05 2.9e-01 1.4e-04 5.7e-01 2.9e-04
Total 1.1e-01 5.3e-05 3.8e-01 1.8e-04 7.5e-01 3.6e-04
Maximum individual (rem) 9.4e-07 4.7e-10 3.2e-06 1.6e-09 6.3e-06 3.1e-09

Table 4-16. Incident-Free Radiological Transportation Impacts
Unirradiated Targets Shipped to Ottawa
(Combination of Truck and Air Shipment)

Annual Impacts

Market Share 30 percent 100 percent 200 percent
Shipments/yr 13 44 87
Impact Person- LCF Person- LCF "Person- LCF
Rem ) Rem Rem
Crew 2.5e-03 1.0e-06 8.5e-03 3.4e-06 1.7e-02 6.8e-06
Workers 4.0e-03 1.6e-06 1.4e-02 5.5e-06 2.7e-02 1.1e-05
Public 2.8e-03 1.4e-06 9.6e-03 4.8e-06 1.9e-02 9.5e-06
Total 9.4e—-03 4.0e-06 3.2e-02 1.4e-05 6.3e-02 2.7e-05
Maximum Individual (rem) 3.2e-08 1.6e-11 1.1e-07 5.3e-11 2.1e-07 1.0e-10
Total Life of Program Impacts (30 years)
Market Share 30 percent 100 percent 200 percent
impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 7.6e-02 3.0e-05 2.6e-01 1.0e-04 5.1e-01 2.0e-04
Workers 1.2e-01 4.8e-05 4.1e-01 1.6e-04 8.1e-01 3.2e-04
Public 8.5e-02 4.3e-05 2.9e-01 1.4e-04 5.7e-01 2.9e-04
Total 2.8e-01 1.2e-04 9.5e-01 4.1e-04 1.9e+00 8.1e-04
Maximum Individual (rem) 9.4e-07 4.7e-10 3.2e-06 1.6e-09 6.3e-06 3.1e-09
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Albuquerque via exclusive-use air cargo and then transported by truck from Albuquerque
International Airport to SNL/NM TA-V. Table 4-17 shows the incident-free transportation impacts
associated with this alternative. However, the targets could also be shipped from Lynchburg to
SNL/NM by truck. Transportation impacts associated with truck shipments of unirradiated targets
from Lynchburg, Va. to SNL/NM are shown in Table 4-18.

Table 4-17. Incident-Free Radiological Transportation Impacts Unirradiated Targets
Shipped From Lynchburg, Va. to SNL/NM Via Air-Cargo

Annual Impacts

Market Share 30 percent 100 percent 200 percent
Shipmentslyr 13 44 87
Impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 1.7e-03 6.7e-07 5.6e-03 2.3e-06 1.1e-02 4.5e-06
Workers 4.0e-03 1.6e-06 2.9e-04 1.4e-07 2.7e-02 1.1e-05
Public 7.0e-04 3.5e-07 2.4e-03 1.2e-06 4.7e-03 2.3e-06
Total 6.4e-03 2.6e-06 2.2e-02 8.9e-06 4.3e-02 1.8e-05
Maximum Individual (rem) 3.1e-08 1.6e-11 1.1e-07 5.3e-11 2.1e-07 1.0e-10
Life of Program Impacts (30 years)
Market Share 30 percent 100 percent 200 percent
Impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 5.0e-02 2.0e-06 1.7e-01 6.8e-05 3.3e-01 1.3e-04
Workers 1.2e-01 4.8e-05 4.1e-01 1.6e-04 8.1e-01 3.2e-04
Public 2.1e-02 1.0e-05 7.1e-02 3.5e-05 1.4e-01 7.0e-05
Total 1.9e-01 7.9e-05 6.5e-01 2.7e-04 1.3e+00 5.3e-04
Maximum Individual (rem) 9.4e-07 4.7e-10 3.2e-06 1.6e-09 6.3e-06 3.1e-09

4.1.4.3 Isotope Product Shipment Impacts

4.1.4.3.1 Isotope Product Shipments Associated With Full Purification Of Isotopes At
SNL/NM

Table 4-19 shows the incident-free transportation impact estimates of shipping the fully purified
isotope products from SNL/NM to three locations (Boston, Chicago, and Saint Louis). In the
transportation model it was assumed that each package of **Mo, '**Xe, '*'l, and '?°| was shipped
individually with one third of the packages shipped to each of the three locations. For incident free
analysis there is minimal impact on dose estimates whether packages are shipped individually or
together, since the impacts from shipping each package would be assessed regardless of the
configuration of multiple package shipments. In fact, this approach does not account for possible
radiation shielding from packages placed in close proximity to each other.

Two different worker doses were estimated for isotope product shipments: 1) dose to handlers
and 2) dose to conveyance crew members. The maximum exposure for a package handler
involved in transporting radioactive material packages associated with the proposed action is
predicted to occur with air cargo handlers. The dose would result from the loading, inter-flight
transfer, and unloading of isotope product packages during air transport. The annual worker dose
estimate of 56 person-rem would be largely attributable to the handling of the ®Mo packages
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Table 4-18. Incident-Free Radiological Transport Impacts Unirradiated Targets Shipped
From Lynchburg, VA to SNL/NM Via Truck

Annual Impacts

Market Share . 30 percent 100 percent 200 percent
Shipments/yr 13 44 87
Impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 1.2e-02 4.6e-06 3.9e-02 1.6e-05 7.7e-02 3.1e-05
Workers 0.0 0.0 0.0 0.0 0.0 0.0
Public 3.4e-02 1.7e-05 1.2e-01 5.8e-05 2.3e-01 1.1e-04
Total 4.6e-02 2.2e-05 1.5e-01 7.4e-05 3.1e-01 1.5e-04
Maximum Individual (rem) 3.1e-08 1.6e-11 1.1e-07 5.3e-11 2.1e-07 1.0e-10
Life of Program Impacts (30 years)
Market Share 30 percent 100 percent 200 percent
Impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 3.5e-01 1.4e-04 1.2e+00 4.7e-04 2.3e+00 9.3e-04
Workers 0.0 0.0 0.0 0.0 0.0 0.0
Public 1.0e-00 5.1e-04 3.5e+00 1.7e-03 6.9e+00 3.4e-03
Total 1.4e+00 6.5e-04 4.6e+00 2.2e-03 9.2e+00 4.4e-03
Maximum Individual (rem) 9.4e-07 4.7e-10 3.2e-06 1.6e-09 6.3e-06 3.1e-09

Table 4-19. Incident-Free Radiological Transportation Impacts
Isotope Product Shipments

Annual Impacts

Market Share 30 percent 100 percent 200 percent
Shipmentslyr 967 3224 6448
Impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 1.8e+00 7.4e-04 6.1¢+00 2.5e-03 1.2e+01 4.9e-03
Workers 8.4e+00 3.4e-03 2.8e+01 1.1e-02 5.6e+01 2.2e-02
Public 5.7e-01 2.7e-04 1.9e+00 9.5e-04 3.8e+00 1.9e-03
Total 1.1e+01 4.4e-03 3.6e+01 1.5e-02 7.2e+01 2.9e-02
Maximum Individual (rem) 2.6e-05 1.3e-08 8.6e-05 4.3e-08 1.7e-04 8.6e-08
Total Life of Program Impacts (30 years)
Market Share 30 percent 100 percent 200 percent
impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 5.5e+01 2.2e-02 1.8e+02 7.4e-02 3.7e+02 1.5e-01
Workers 2.5e+02 1.0e-01 8.4e+02 3.4e-01 1.7e+03 6.7e-01
Public 1.7e+01 8.6e-03 5.7e+01 2.9e-02 1.1e+02 5.7e-02
Total 3.2e+02 1.3e-01 1.1e+03 4.4e-01 2.2e+03 8.8e-01
Maximum Individual (rem) 7.7e-04 3.9e-07 2.6e-03 1.3e-06 5.2e-03 2.6e-06
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during loading and unloading to and from aircraft and ground transportation. Of this total, 45
person-rem is attributable to loading, unloading, and short term storage of isotope packages at air
cargo terminals. The remaining 11 person-rems of the total worker dose estimate would be
incurred predominantly by handlers at SNL/NM TA-V who would load the isotope packages onto
trucks for shipment to Albuquerque International Airport (AlA).

Conveyance crew members would receive a total annual dose of 12 person-rem from isotope
product packages. This would be distributed between air crew (7 person-rem) and ground
transportation crew (5 person-rem) for the shipments from SNL/NM TA-V to AlA.

4.1.4.3.2 Isotope Product Shipments of Unpurified Mo between SNL/NM and Ottawa,
Canada

T tation Shipping Model

If unpurified ®*Mo were to be shipped between SNL/NM and Ottawa instead of shipment of
purified **Mo to St. Louis, Chicago, and Boston, it would be packaged in Type B containers
(such as the 20WC and transported by air cargo carrier). The shipments of unpurified **Mo
would be essentially the same as shipments of purified ®Mo. Thus, the transportation model
for this variation of the proposed action is almost identical to the transportation model that was
used to develop the incident-free impact estimates discussed in Section 4.1.4.3.1. Certain
specific features of the transportation model were adjusted to model the transportation of
unpurified Mo between Albuquerque and Ottawa. The transportation impact and risk
assessment for this variation of the proposed action was modeled with the following important
assumptions:

e The ®*Mo produced from each irradiated target would be packaged in a single Type B
package such as the 20WC,;

e Each package of unpurified Mo would contain a radioactive inventory that would be
equivalent to the inventory of packages of purified Mo modeled for the isotope
product shipments in section 4.1.4.3.1 (1000 Ci., which is the certification limit for the
20WC packaging, was the value used in the RADTRAN 4 analyses);

e Each package is assumed to be shipped individually (this is consistent with the
transportation analysis in Sections 4.1.4.3.1);

e The *Mo would be shipped via an overnight air cargo express service through a
central air cargo hub between Albuquerque, New Mexico and Ottawa, Ontario;

e All other shipments associated with this variation of the proposed action (i.e.,
unirradiated target shipments, isotope product shipments of '*Xe, "', and %%, and
waste shipments to NTS or Hanford) would be the same as if purified Mo were to
be shipped to Boston, Chicago, and St. Louis.

The effect of these assumptions is that the transportation impact models for the two variations
of the proposed action would be virtually the same. The only difference would be that instead
of shipping all containers of %Mo from Albuquerque to a central air cargo hub and then splitting
the shipments evenly between the air cargo hub and Boston, Chicago, and St. Louis, all of the
%Mo containers would be shipped from Albuquerque to Ottawa.
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Transportation Impacts

Estimates of transportation impacts associated with shipping unpurified **Mo from SNL/NM to
Ottawa are bounded by the estimates presented in Sections 4.1.4.3.1. Indeed, the estimates
for impacts are essentially the same for the two variations of the proposed action. For example,
the proposed action's annual incident-free dose estimate for the unpurified Mo shipment
variation is 70 person-rem (0.028 LCFs) for 200 percent of the market, as compared to 75
person-rem (0.03 LCFs) for the variation involving shipment of ®*Mo product from Albuquerque
to Boston, Chicago, and St. Louis (see Section 4.1.4.5, Table 4-23). The small decrease in
incident-free impact estimates would be associated primarily with lower handler dose estimates.
For the purified Mo shipments from Albuguerque to Boston, Chicago, and St. Louis, dose
estimates to handler and air cargo terminal personnel were calculated for three different sets of
handlers; at the origin air terminal (Albuquerque International Airport, the air cargo hub terminal,
and the three destination air terminals (Boston, Chicago, and St. Louis). For the unpurified
*Mo shipments from Albuquerque to Ottawa dose estimates to handlers and air terminal
personnel were calculated only for the point of origin (Albugquerque) and the air cargo hub. The
handling of radioactive material packages in Canada does not fall under DOE, NRC, or Council
on Environmental Quality (CEQ) regulations. Since this variation of the proposed action would
be conducted in cooperation with the Canadian government, exposure to the Canadian public
and Canadian workers would be regulated by the Canadian Federal and Ontario provincial
governments.

4.1.4.4 Waste Shipments

Impacts for both waste disposal options of the proposed action are shown in Table 4-20 (for the
option of shipping the Hot Cell Facility wastes from SNL/NM to the NTS) and Table 4-21 (for the
option of shipping the wastes from SNL/NM to Hanford). With the exception of the destination
there would be no differences in the number and type of waste shipments for each option. The
dose associated with these options would be experienced by the waste truck crews and the public
living along and sharing the transportation route between SNL/NM and NTS or Hanford. Worker
dose estimates (for handlers of the waste packages at both SNL/NM and the waste repositories)
were not included in the transportation analysis. The handler doses at SNL/NM are discussed
and accounted for in the waste management portion of this EA, and handler doses at the
repositories would be accounted for under the disposal site’s environmental documentation.

The incident-free impacts vary according to the distance over which the waste must be shipped
and the potentially exposed population living along the waste transportation route modeled in the
RADTRAN 4 risk assessment. Incident-free dose estimates for the Hanford option are about a
factor of two higher than estimates for the NTS option. The distance covered in a representative
highway route between SNL/NM and the NTS is estimated as 1423 km (882 mi), and between
SNL/NM and Hanford as 2594 km (1608 mi). The potentially exposed population along the
representative route from SNL/NM to the NTS modeled for the risk assessment is 126,000, and
for the route from SNL/NM to Hanford, the population estimate is 282,000. The potentially
exposed populations along these routes are estimated from the route distances and the
appropriate population densities discussed in Appendix L. This information is derived using the
HIGHWAY 5.0 code. These parameters are combined with the width of the transportation corridor
in which incident-free consequences are modeled by RADTRAN 4. This width is 1610 m (1 mi).
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Table 4-20. Incident-Free Radiological Transportation impacts

Waste Shipments to NTS
Annual Impacts
Market Share 30 percent 100 percent 200 percent
Shipments/yr 23 75 149
Impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 3.9e-02 1.6e-05 1.3e-01 5.1e-05 2.5e-01 1.0e-04
Workers 0.0 0.0 0.0 0.0 0.0 0.0
Public 2.4e-01 1.2e-04 7.9e-01 4.0e-04 1.6e+00 7.9e-04
Total 2.8e-01 1.4e-04 9.2e-01 4.5e-04 1.8e+00 8.9e-04
Maximum Individual (rem) 4.1e-07 2.1e-10 1.4e-06 6.8e-10 2.7e-06 1.3e-09
Total Life of Program Impacts (30 years)
Market Share 30 percent 100 percent 200 percent
Impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 1.2e+00 4.7e-04 3.8e+00 1.5e-03 7.6e+00 3.0e-03
Workers 0.0 0.0 0.0 0.0 0.0 0.0
Public 7.3e+00 3.7e-03 2.4e+01 1.2e-02 4.7e+01 2.4e-02
Total 8.5e+00 4.1e-03 2.8e+01 1.3e-02 5.5e+01 2.7e-02
Maximum Individual (rem) 1.2e-05 6.2e-09 4.1e-05 2.0e-08 8.0e-05 4.0e-08

Table 4-21. Incident-Free Radiological Transportation Impacts
Waste Shipments to Hanford

Annual Impacts

Market Share 30 percent 100 percent 200 percent
Shipments/yr 23 75 149
Impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 6.7e-02 2.7e-05 2.2e-01 8.7e-05 4.3e-01 1.7e-04
Workers 0.0 0.0 0.0 0.0 0.0 0.0
Public 4.2e-01 2.1e-04 1.4e+00 6.8e-04 2.7e+00 1.4e-03
Total 4.9e-07 2.4e-04 1.6e+00 7.7e-04 3.2e+00 1.5e-03
Maximum Individual (rem) 4.1e-07 2.1e-10 1.4e-06 6.8e-10 2.7e-06 1.3e-09
Total Life of Program Impacts (30 years)
Market Share 30 percent 100 percent 200 percent
Impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 2.0e+00 8.0e-04 6.5e+00 2.6e-03 1.3e+01 5.2e-03
Workers 0.0 0.0 0.0 0.0 0.0 0.0
Public 1.3e+01 6.3e-03 4.1e+01 2.1e-02 8.2e+01 4.1e-02
Total 1.5e+01 7.1e-03 4.8e+01 2.3e-02 9.5e+01 4.6e-02
Maximum Individual (rem) 1.2e-05 6.2e-09 4.1e-05 2.0e-08 8.0e-05 4.0e-08
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The largest single contributor to incident-free impacts is the exposure to members of the public
sharing the transportation routes with the waste shipments, 1.6 person-rem/yr for NTS and 2.7
person-rem/yr for Hanford. The truck crews' dose would be approximately a factor of six lower,
but would be distributed among a much smaller population group than the public dose.

4.1.4.5 Total Radiological Impacts

Total impacts for both options of the proposed action are shown in Table 4-22 (for the option of
shipping the Hot Cell Facility wastes from SNL/NM to the NTS) and Table 4-23 (for the option of
shipping the wastes from SNL/NM to Hanford). With the exception of the destination for the
waste shipments, there are would be no differences in the shipping campaigns for each option.
The estimates of impacts associated with the two options are essentially equivalent.

The incident-free impacts vary according to the distance over which the waste must be shipped
and the potentially exposed population using and living along the waste transportation route

- modeled in the RADTRAN 4 risk assessment (see Appendix M). The dose differential
associated with the option of shipping the waste to Hanford would be experienced by the waste
truck crews and the public using and living along and sharing the transportation route between
SNL/NM and Hanford. The impacts from the other shipments associated with the proposed
action (targets and isotope products) would not be affected by the choice of a waste disposal
site.

The largest single contributor to incident-free impacts is the exposure to the workers, principally
due to loading and unloading isotope product packages during air shipment from Albuquerque
to Boston, Chicago, and St. Louis. The next dominant impact categories are the truck and air
crews. The public is the least impacted group. The dose estimates in Tables 4-22 and 4-23
represent total dose to all the persons within each risk group. Thus, for the NTS option, the
annual dose estimate for the public is 5.4 person-rem distributed throughout the potentially
exposed populations of 57,300 persons living along the truck route from LANL to SNL/NM,
126,000 living along the waste shipment route between SNL/NM and NTS, and 23,600 living
near the route for isotope product shipment between SNL/NM, TA-V, to the Albuquerque
International Airport (AlIA). The dominant contributor to public dose estimates is from expected
doses to persons sharing the route between SNL/NM, TA-V, and AIA. This annual dose is
estimated at 3.3 person-rem and is largely attributable to the assumption that the traffic volume
on Gibson Boulevard in Albuquerque is 2800 vehicles/hr in each direction. Furthermore, each
vehicle is assumed to carry two persons.

4.1.4.6 Nonradiological Transportation Impacts
The nonradiological health effects associated with transportation are estimated using the non-

radiological impact modeling method discussed in Volume I, Appendix M. The estimated
numbers of LCFs due to diesel emissions are shown in Table 4-24.

Mechanical Risk | I

No mechanical risks or impacts are expected for incident-free operations.
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Table 4-22. Incident-Free Radiological Transportation Impacts

(Target Shipments, Product Shipments, and All Waste Shipped

to NTS)
Annual Impacts
Market Share 30 percent 100 percent 200 percent
Impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 1.9e+00 7.5e-04 6.3e+00 2.5e-03 1.3e+01 5.0e-03
Workers 8.4e+00 3.4e-03 2.8e+01 1.1e-02 5.6e+01 2.2e-02
Public 8.2e-01 4.1e-04 2.7e+00 1.4e-03 5.4e+00 2.7e-03
Total 1.1e+01 4.5e-03 3.7e+01 1.5e-02 7.4e+01 3.0e-02
Maximum Individua! (rem) 2.6e-05 - 1.3e-08 8.7e-05 4.4e-08 1.7e-04 8.7e-08
Total Life of Program Impacts (30 years)
Market Share 30 percent 100 percent 200 percent
impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 5.7e+01 2.3e-02 1.9e+02 7.5e-02 3.8e+02 1.5e-01
Workers 2.5e+02 1.0e-01 8.4e+02 3.4e-01 1.7e+03 6.7e-01
Public 2.5e+01 1.2e-02 8.2e+01 4.1e-02 1.6e+02 8.1e-02
Total 3.2e+02 1.4e-01 1.1e+03 4.5e-01 2.2e+03 9.0e-01
Maximum Individual (rem) 7.9e-04 3.9e-07 2.6e-03 1.3e-06 5.2e-03 2.6e-06

Table 4-23. Incident-Free Radiological Transportation impacts

(Target Shipments, Product Shipments, and All Waste Shipped

to Hanford)
Annual Impacts
Market Share 30 percent 100 percent 200 percent
Impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 1.9e+00 7.6e-04 6.4e+00 2.5e-03 1.3e+01 5.1e-03
Workers 8.4e+00 3.4e-03 2.8e+01 1.1e-02 5.6e+01 2.2e-02
Public 1.0e+00 5.0e-04 3.3e+00 1.6e-03 6.6e+00 3.3e-03
Total 1.1e+01 4.6e-03 3.8e+01 1.5e-02 7.5e+01 3.1e-02
Maximum individual (rem) 2.6e-05 1.3e-08 8.7e-05 4.4e-08 1.7e-04 8.7e-08
Total Life of Program Impacts (30 years)
Market Share 30 percent 100 percent 200 percent
Impact Person- LCF Person- LCF Person- LCF
Rem Rem Rem
Crew 5.7e+01 2.3e-02 1.9e+02 7.6e-02 3.8e+02 1.5e-01
Workers 2.5e+02 1.0e-01 8.4e+02 3.4e-01 1.7e+03 6.7e-01
Public 3.0e+01 1.5e-02 9.9e+01 4.9e-02 2.0e+02 9.9e-02
Total 3.4e+02 1.4e-01 1.1e+03 4.3e-01 2.3e+03 9.2e-01
Maximum Individual (rem) 7.9e-04 3.9e-07 2.6e-03 1.3e-06 5.2e-03 2.6e-06
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(LCFs Due to Diesel Emissions)

Shipments Market Share 30 percent 100 percent 200 percent
Targets - SNL/NM Annual 2.1e-05 7.0e-05 1.4e-04
Life of Program 6.2e-04 2.1e-03 4.2e-03
Targets - Ottawa Annual 2.1e-05 7.0e-05 1.4e-04
Life of Program 6.2e-04 2.1e-03 4.2e-03
Isotopes to Airport Annual 9.1e-04 3.0e-03 6.1e-03
Life of Program 2.7e-02 9.1e-02 0.18
Waste Shipments to NTS Annual 7.4e-05 2.4e-04 4.8e-04
Life of P@ram 2.2e-03 7.2e-03 1.4e-02
Waste Shipments to Annual 1.6e-04 5.1e-04 1.0e-03
Hanford Life of Program 4.7e-03 1.5e-02 3.0e-02
Total - NTS Waste Annual 1.0e-03 3.4e-03 6.8e-03
Disposal Option Life of Program 3.1e-02 0.10 0.20
Total - Hanford Waste Annual 1.1e-03 3.7e-03 7.4e-03
Disposal Option Life of Program 3.3e-02 0.11 0.22

4.2 No Action Alternative
CMR Operations

The No Action alternative at the CMR would consist of continuing activities in support of
Defense Programs and other program missions. These activities would include analytical
chemistry projects for Defense Programs, future uranium research and development,
specifically the Actinide Source Term Waste Program for the Waste Isolation Pilot Plant, and
both radioactive and nonradioactive waste sampling analysis for the Waste management and
Environmental Restoration Program. In addition, Defense Programs would maintain a hot cell
capability at the CMR for future activities as they may occur.

Because the No Action alternative would be a continuation of current missions and activities at
the CMR, the environmental impacts associated with this alternative would be consistent with
the effects discussed in Section 3.3.6.3.

ACRR Operations

The No Action alternative at the ACRR would consist of continuing activities in support of
current Defense Programs and other missions. Although the ACRR was originally developed
for weapon effect studies for radiation effects, parts, and system testing, the reactor has also
been used for in-pile experimentation and testing in support of other programs such as the
Liquid Metal Fast Breeder Reactor (LMFBR) and Light Water Reactor (LWR) safety studies,
Space Nuclear Thermal Propulsion studies, and Fission Pumped Laser Development. These
studies characteristically involved determining the effects of nuclear fissions on experimental
packages, such as electronic hardware and weapon’s components.

Radiological emissions and other environmental impacts would vary with the type of program
experiment conducted, but, as in the past, would have to stay within the regulatory limits
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established by the Environmental Protection Agency and related DOE orders. Because the No
Action alternative would be a continuation of current missions and activities, the impact of no
action would have similar impacts as those discussed in Section 3.2.5.1.

The No Action alternative could leave the U.S. without a backup supply of *® Mo if there were
an interruption of the supply of the isotope due to a reactor shutdown by Nordion. Such an
interruption could have negative health effects for the general public. The risk of an interruption
in the radioisotope supply to the U.S. nuclear medicine community, and the major health care
perturbations it would cause, are great (Savoie, 1994).

HCF Operations

The No Action alternative as it relates to the HCF operations would mean continuation of
current mission activities. In general, the HCF mission is to provide for the remote examination
of high irradiated materials for Defense Programs and other program activities. These activities
have included post irradiation examinations of nuclear weapons materials in support of defense
testing, The HCF has also been used in reactor safety and reactor fuel development studies,
including the remote preparation and examination of spent or otherwise highly radioactive
reactor fuel samples.

Radiological emissions and other environmental impacts of the No Action alternative would vary
with the type of program activity conducted, but, as in the past, would have to stay within the
regulatory limits established by the Radiological Control Manual and related DOE orders.
Because of the No Action alternative is a continuation of current missions and activities at the
HCF, the environmental impacts associated with this alternative are consistent with the effects
discussed in Section 3.2.5.1.

4.3 Alternative Target Fabrication Sites

Target fabrication could occur at several alternative sites other than LANL, including SNL/NM,
Oak Ridge National Laboratory, or commercial facilities such as Babcock and Wilcox located in
Lynchburg, Virginia. Target fabrication at SNL/NM would eliminate the need to transport targets
from other sites. This would reduce annual radiological exposures to the public by only 0.025
person-rem under normal operations for 200 percent production.

If targets were fabricated at sites other than LANL or SNL/NM, it is expected they would be
shipped from that facility to an airport by truck followed by exclusive-use air freight transport to
SNL/NM. In the U.S., the shipments from an alternative fabrication site would be bound by the
transportation risks analyzed from the Babcock and Wilcox facility in Lynchburg, Virginia (See
Table 4-17 and Table 4-18).

4.4 Alternative Waste Facilities

The incident-free impacts of shipping low-level radioactive wastes (LLW) to alternative waste
disposal sites are primarily dependent on the distance over which the waste must be shipped
and secondarily to the potentially exposed population living along the transportation route. The
radiological risk analysis performed with the RADTRAN 4 transportation risk model, indicates
that the largest contributor of incident-free impacts is exposure to the public during highway rest
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stops, followed by exposure to the truck crew. The number of stops and the crew dose is
directly dependent on the number of miles for a shipment.

Transportation risk assessments have shown that greater than 90 percent of the transportation
radiological risk is a function of distance (Massey et al, 1993; Massey and Litman, 1994). Since
the distance from SNL/NM to the Hanford site is 2580 km (1600 mi) and to Savannah River Site
(SRS) is 2660 km (1650 mi), the difference of 80 km (50 mi) would result in less than a 10
percent increase in transportation radiological risk if SRS were selected as an alternative waste
disposal site.

Since SRS is the most distant alternative disposal site reasonably available for disposal of LLW
from the medical isotope production program, all other alternative sites, which are closer to
SNL/NM, would have lower risks than SRS or the Hanford site options. This Includes
transportation radiological risks, air quality impacts, and nonradiological risks.

4.5 Cumulative Impacts

Cumulative impacts are those that result from the incremental impact of the proposed action
when added to other past, present, and reasonably foreseeable future actions. (See 40 CFR
§1508.7) (CEQ, 1978). This section describes the cumulative impacts resulting from the
proposed action.

The following maximum annual doses are summed to calculate cumulative radiological impact:

e doses from the proposed action;

o doses from other sources of radiation at the same facilities; and

e doses from other radioactive materials shipments occurring at the same facilities, along the
same routes, and projected to occur concurrently during with the proposed action.

This approach neglects the fact that dose fractionation (delivery of a total dose in a number of
separate doses spread over time) may reduce the effect of the total cumulative dose (Ullrich et
al., 1987; Miller et al., 1989).

4.5.1 Cumulative Production Impacts

Cumulative impacts from production activities involving radioisotopes would be the combination
of impacts from three types of operations; the ACRR, isotope production processes in the HCF,
and impacts from spin-off industry activity within the Albuquerque area. Workers involved in
each of these three types of operations would not experience cumulative impacts from the other
operations. Worker exposures would only occur within the immediate zone of work activity for
each type of operations. Thus, operational sources of exposure to workers at a particular
facility would not impact workers involved in other operations.

Cumulative impacts to the public would be the result of operational environmental releases from
each of the three types of operations. Summaries of releases and dose estimates to maximally
exposed members of the public are discussed in Table 4-12 for ACRR and HCF operations.
Public exposure estimates from potential local spin-off industries are discussed in Section 4.7.
Public dose estimates from these three sources are dominated by HCF operations. The
estimated annual individual public dose from HCF and ACRR operations is about 1 mrem at
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6000 m (3.7 mi). This is the approximate distance to the boundary between Kirtland AFB and
the metropolitan area of Albuquerque. Expected releases from spin-off industries on the order
of 50 mCi would be small compared to expected releases from ACRR and HCF operations
which are on the order of 50,000 Ci.

Thus, the cumulative public impact from the three operations, ACRR, HCF isotope production,
and spin-off industries would be essentially equivalent to the estimates for impacts for the HCF
isotope production operations.

4.5.2 Cumulative Waste Management Impacts

The estimation of impacts from waste management related activities has been incorporated into
the analysis of the HCF operations and the waste transportation activities. Any impacts from
waste management are therefore incorporated into the assessments of Section 4.5.

4.5.3 Cumulative Transportation Impacts

The following discussion focuses, in two parts, on the cumulative radiological impacts that the
proposed action would have on the workers and the general public who would be exposed as a
result of the proposed action. The first section describes the results of the "Final Environmental
Statement on the Transportation of Radioactive Material by Air and Other Modes," NUREG-
0170 (NRC, 1977). The doses estimated from the proposed action are related to natural
background radiation and estimates from NUREG-0170. The second section summarizes the
cumulative effect evaluation.

4.5.3.1 NUREG-0170 and Other Studies on Population Exposures

The proposed action is similar in many respects to other radioactive material transportation that
is taking place in the same locations and along similar routes. The "Final Environmental
Statement on the Transportation of Radioactive Material by Air and Other Modes, NUREG-
0170" (NRC, 1977), considered the risk of transporting various types of packages of radioactive
materials, including the shipment of spent nuclear fuel and secondary transport along
transportation corridors similar to those that would be used for the proposed action. More
recent studies of radioactive material shipments indicate that no substantial change in the
number and characteristics of shipments has occurred that would invalidate the general result
of NUREG-0170 (Weiner, et al., 1991).

For individuals residing near principal transportation routes, NUREG-0170 estimated that the
average annual individual dose from radioactive material transportation activities is about 0.09
mrem. Recently, Weiner et al. (1991) estimated that a maximally exposed individual member of
the public would not receive more than 0.14 mrem if exposed to the in-transit passage of all of
the approximately 1,600,000 radioactive materials packages shipped in the United States in a
single year. This is, of course, not a realistic scenario, but it does place an upper bound on the
individual in-transit dose from other shipments.

Mills and Neuhauser (1994) estimated the individual in-transit dose, for a person located 30
meters from an average route segment, as only 9e-05 mrem. However, the number of
radioactive materials shipments occurring annually in the vicinity of the SNL/NM as a result of
the proposed action could exceed the average radioactive materials traffic on the nation's
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roadways because of all of the unirradiated target, isotope product, and waste shipments
associated with the proposed action would travel through part of Albuquerque. NUREG-0170
used annual shipment levels for the United States as a whole to obtain maximum individual
dose estimates. The two classes of shipments considered in NUREG-0170 that can be used to
conservatively model traffic in the SNL/NM and Albuquerque vicinity are spent fuel shipments
(250 commercial reactor shipments) and secondary transport. NUREG-0170 estimated that the
dose to an individual living 30 m (100 ft) from a roadway on which all 250 spent fuel shipments
pass would be 0.009 mrem and that no individual would receive more than an additional 0.009
mrem from secondary transport, for a total of 0.018 mrem from these sources.

4.5.3.2 Summary of Estimated Individual Radiological Doses for the Proposed Action
Public Doses

The maximum individual dose estimates as presented in Tables 4-22 and 4-23 demonstrate the
relatively low dose that a single individual might receive from incident-free transportation. The
differences between the maximum individual dose estimates and the dose estimates for the
various population groups demonstrate the effect of population groups on dose estimates. It
should be noted that the maximum individual dose represents an estimate of the dose that
would be received by the same individual if that individual were to be exposed to each shipment
of fresh targets, isotope products, and waste shipments. Thus, as modeled in this analysis, for
200 percent of the market share, the maximum individual would be exposed to 174 fresh target
shipments (87 from LANL to SNL/NM, 87 from LANL to Ottawa) 6448 isotope shipments, and
149 waste shipments annually.

The dose to an individual who is situated next to a shipment of 820 Ci of 99Mo in a 20WC
shipping cask was estimated to establish a perspectjye on possible "off-normal" non-accident
impacts associated with the proposed action. The Mo shipments were used because the
package dose rate for these shipments is estimated to be 10 mrem/hr at one meter. This would
be the highest package dose rate for the transportation campaign associated with the proposed
action. The dose estimate for an individual who remains next to an average shipment for 2
hours at a distance of 2 m (7 ft) is 5 mrem (2.5e-06 LCFs).

Maxi Individual

For the proposed action, the maximum annual dose to an individual exposed to each shipment
of targets, isotope products, and waste in the vicinity of Albuquerque was estimated at 1.7e-4
rem (Table 4-22). This estimate was based on the conservative model that the same individual
would be exposed to every shipment associated with the proposed action. Therefore, a total
annual individual dose estimate from both the NUREG-0170 shipment model (250 spent fuel
shipments and secondary transport) and the model of this analysis (Section 4.1.4) would be
0.19 mrem. This dose estimate is small compared to estimates of expected exposures from
background radiation. Along the transportation corridors that would be used in implementing
the proposed action, the average annual effective dose equivalent for a member of the general
population from all sources of radiation is expected to be approximately 360 mrem (NAS, 1990).
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Worker Doses

Two different worker doses were estimated: 1) dose to handlers and 2) dose to conveyance
crew members. The maximum exposure for a package handier involved in transporting
radioactive material packages associated with the proposed action is predicted to occur with air
cargo handlers. The dose would result from the loading, inter-flight transfer, and unloading of
isotope product packages during air transport. The annual worker dose estlmate of 56 person-
rem/yr (Table 4-22) would be largely attributable to the handling of the %Mo packages during
loading and unloading to and from aircraft and ground transportation. Of this total, 45 person-
rem/yr is attributable to loading, unloading, and short-term storage of isotope product packages
at air cargo terminals. The remaining 11 person-rems of the total worker dose estimate would
be incurred predominantly by handlers at SNL/NM TA-V who would load the isotope packages
onto trucks for shipment to Albuquerque International Airport.

The most conservative worker exposure estimate is derived by assuming that the same air
cargo employee at Albuquerque International Airport would be present for the receipt of each
isotope product package from SNL/NM and for the loading of each package onto an aircraft.
This is a conservative model designed to achieve a conservative bound on potential maximum
worker exposure. The air cargo handler exposure model also assumes that four handlers
would be involved in the receipt and loading of the packages at Albuguerque International
Airport, four handlers would be involved for the unloading and reloading of the packages at the
central air cargo hub, 300 air cargo hub warehouse workers would be exposed during
temporary storage of the packages, and dour handlers would be involved in unloading the
packages at each destination air terminal. Albuquerque International Airport cargo handlers
would receive an estimated 16.4 person-rem/yr, other cargo handlers at both the air cargo hub
and the destination terminals would receive 15.8 person-rem/yr, and air hub warehouse
workers would receive 17.7 person-rem/yr. Based on this model where the same worker
handles all shipments of medical radioisotopes, the maximum annual individual handler dose
estimate would be 6.71 rem (6710 mrem) to an air cargo handler at Albuquerque International
Airport. As a result, air cargo handlers would have to monitored and rotated to maintain doses
within acceptable limits.

Conveyance crew members would receive an annual total dose of 13 person-rem. This would
be distributed between air crew (7 person-rem) and ground transportation crew (6 person-rem).
The annual truck crew dose estimates are dominated by the isotope product shipments from
SNL/NM TA-V to Albuquerque International Airport (5.1 person-rem). Based on conveyance
crew models of 3 crew members per flight and 2 per truck, the maximum annual individual crew
doses would be 0.233 rem for air crew and 2.541 rem for truck crew.

4.5.3.3 Estimated Individual Doses from Other Proposed Action

An additional source of radiation exposure to both the public and workers could come from
another proposed action by DOE. DOE has proposed to ship LLW generated by SNL/NM to
NTS for disposal. The LLW in question here would not be connected to activities associated
with the radiopharmaceutical production program. Potential impacts associated with these
shipments of LLW to NTS have been estimated and are shown in Table 4-25 These shipments
would involve the proposed shipment to NTS of approximately 222 m® of LLW generated at
SNL/NM as a result of general research and development activities. The highest annual dose
estimate to the public from the LLW offsite shipment activity was estimated as 0.5 person-rem.

277195 Page 4-33 Draft EA



Pre-Decisional Draft

Maximum individual dose estimates from the LLW offsite shipment activity would be 1.1e-06
rem for a member of the public, and 0.08 person-rem to a member of the truck crew who
participated in each LLW shipment.

4.5.3.4 Summary of Cumulative Transportation Effect Evaluation
Table 4-25 contains a summary of the potential cumulative maximum individual dose estimates
for three potential sources; this proposed action, the SNL/NM offsite shipments, and the

NUREG-0170 risk assessment of transporting spent nuclear fuel and secondary transport along
transportation corridors similar to those that would be used for the proposed action.

Table 4-25. Cumulative Individual Annual Radiation Dose for Maximally Exposed

Individuals
Maximum
Individual Impact Dose From Proposed Activity (mrem)
Group
SNL/NM
Isotope Off-Site Total Annual

Production| Shipments NUREG-0170 Dose
Public 0.17 0.0011 0.018 0.19
Truck Crew 2541 720 870’ 4131
Air Crew 233 N/A2 N/A 233
Air Cargo Handlers® 6710 N/A 500 7210
Air Cargo 45 N/A 500 545
Warehouse Workers
' This value is the sum for truck and van maximum individual crew members from Table 4-8 in NUREG-0170.
2 NA = Not Applicable.
3-Estimated worker dose assumes same individual handles all shipments during a year.

4.6 Environmental Justice

On February 11, 1994, Order 12898, “Federal Actions to Address Environmental Justice in
Minority Populations and Low-Income Populations” was published in the Federal Register (59
FR 7629). A NEPA document should identify the minority and low-income communities that are
located within the area of potential impact of a proposed action.

The determination of environmental justice relative to the production of Mo requires the
consideration of potential pathways of radioactive and chemical exposures. These consist of
dispersion of airborne contaminants, contaminants transported in waterways and solid or
solidified wastes that go to landfills. All of the liquid wastes produced during the process would
be neutralized and solidified before transporting to the Nevada Test Site or to other waste
facilities. Exposure of the general public due to the transportation of these materials is
addressed quantitatively in Section 4.1.4. There would not be disposal of any radioactive or
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hazardous liquids into waterways. The remaining pathway is then the airborne route.
Exposures to any airborne contaminants depend upon proximity of the community to LANL and
SNL/NM and upon meteorological conditions.

Isleta Pueblo is immediately south of SNL/NM; the border is about 8 km (5 mi) from TA-V. The
Pueblo acreage is about 81,000 ha (200,000 ac) in size, and the 4000 person population is
clustered along the Rio Grande River. The closest Isleta population is about 13 km (8 mi)
mostly southwest of TA-V. For comparison, the Four Hills area of Albuquerque, which is a
higher-income district, is located 6.1 km (3.8 mi) northeast of TA-V and has a population of
about 3500 people. The average prevailing wind is from the southeast direction at about 14.5
km per hr (9 mi per hour) (Restrepo, 1994). Thus, any contamination through the air route will
not affect the Isleta Pueblo more than other surrounding populations.

The communities of Los Alamos and White Rock lie closest to the CMR, while Albuquerque is
closest to SNL/NM. None of these communities are identified in the 1990 U.S. census data as
being a minority or low-income community. Pueblos of the four Accord Tribes are located near
LANL, but are farther away than Los Alamos and White Rock.

4.7 Spin-off Industries

Potential spin-off industries that might be developed in the area due to the proximity of an
isotope production facility include:

e nuclear medical imaging,

e nuclear pharmaceutical production, and

e research on radionuclide applications.
Potential activities would include:

e development of hardware and software to improve the clinical medical imaging
process,

e relocation or expansion of a radio-pharmaceutical company in Albuquerque, and

e collaboration of local hospitals, universities and agencies to develop a regional nuclear
medicine technology center.

The impact of these spin-off industries is estimated to be similar to radiopharmaceutical
companies currently in production. For example, DuPont-Merck, a radiopharmaceutical
company in Boston, was contacted to determine the air emissions and water effluent associated
with **Mo production (Romero, 1994). DuPont-Merck indicated that liquids are held on site to
allow for decay prior to release and the total liquid effluent for 1993 was 50 mCi. For air
emissions, stack monitors typically indicated effluent of less than 100 pCi per week. DuPont-
Merck estimates the total annual air release for 1993 to be 10 mCi.
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4.8 Summary of Radiological Impacts for the Proposed Action and Alternatives

In this section the radiological impacts associated with the proposed action and those of the
alternatives are summarized and compared in Table 4-26. The comparison demonstrates that,
except in the case of No Action, there is little difference between the risks associated with
alternatives and proposed action. While the No Action alternative entails little risk, this
evaluation does not include the potential detrimental health impacts associated with a shortage
of medical isotopes or of a return of the ACRR to a DP mission.
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Table 4-26. A Summary of Radiological Impacts for the Proposed Action and Alternatives

No Action Proposed Action Alternate Target Fabrication Sites*** Alternate Waste Disposal Sites***
(200% Production)
Maximum Population Maximum Population Maximum Population Maximum Population
Individual* Individual* Individual* Individual*
Activity | Dose Risk Dose Risk Dose Risk Dose Risk Dose Risk Dose Risk Dose Risk Dose Risk
(mrem) | (LCF)** |(Person - (LCF)** ] (mrem) | (LCF)** |(Person- (LCF)** ] (mrem) | (LCF)** }(Person - (LCF)** | (mrem) | (LCF)** |(Person - (LCF)*
rem) rem) rem) rem)
CMR 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Target
Fab.
ACRR 04 2e-7 0.027 1.4e-5 0.6 3e-7 15.5 7.8e-3 0.6 3e-7 15.5 7.8e-3 0.6 3e-7 15.5 7.8e-3
HCF 0 0 0 0 37 1.8e-6 147 0.07 37 1.8e-6 147 0.07 37 1.8e-6 147 0.07
Target 0 0 0 0 2.1e4 1e-10 25e2 | 1.2e-5 | 2.1e-4 1e-10 3.1e-1 1.5e-4 | 2.1e4 1e-10 | 2.5e-2 | 1.2e-5
Transport
Product 0 0 0 0 1.7e-1 8.6e-8 72 2.9e-2 1.7e-1 8.6e-8 72 29e-2 | 1.7e-4 | 8.6e-8 72 2.9e-2
Transport
Waste 0 0 0 0 2.7e-3 1.3e-9 3.2 1.5e-3 2.7e-3 1.3e-9 3.2 1.5e-3 3e-3 1.4e-9 3.5 1.7e-3
Transport

* Note: Maximum Individual Risks or Population Risks cannot be summed for any option since the potentially affected individuals and populations would be different.

** | CF = Latent Cancer Fatality

++ For the alternate target fabrication and waste disp
target transport from Babcock and Wilcox in Lynchburg,

osal sites, the impacts presented in this table are for bounding (maximum) scenarios. For target transport the impact is for
VA and for waste transport the impact is for waste transport to Hanford, WA.
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5.0 POTENTIAL ENVIRONMENTAL IMPACTS OF ACCIDENT SITUATIONS
In this section the potential consequences of accidents which could occur are discussed.

5.1 CMR Target Fabrication Accident Analysis
Radiological |

Target fabrication presents few opportunities for accidents that would cause radioactive
material to be released. The only accidents identified within CMR are an operator dropping a
canister of 2°U,0, and a solution spill. Solution containing 2*°U in HNO, could be spilled due to
earthquake or to operator error. The consequences of this accident are presented below.

Other accidents were considered but were not analyzed because the required conditions would
not exist. Limits on the quantity of 2°U in a glove box prevent criticality accidents. No
flammable materials would be used and welding would be done in an inert atmosphere that
would prevent fires. If a worker should drop an open-ended target, no release would be
expected because the 2**U would be electroplated onto the tube’s inner walll.

Canister Drop

An operator could drop a canister of particulate 235U303. No release would be expected
because the 2**U,0, is contained in a canister, which is in a sealed plastic bag, which is in an
outer canister. The canisters have slip-on tops which are taped in place.

Spill

A spill would be unlikely to occur because solutions would be moved using vacuum lines. If a
line were to rupture, solution would tend to stay within the line because of the vacuum.
However, a major line rupture or an earthquake could a cause solution of 235 in HNO, to spill
on the laboratory floor. Volume of the spill is assumed to be 5 liters.

In the event of a spill, an alarm for evacuation would be sounded by personnel and/or
continuous air monitors (CAMs). Personnel would immediately leave the area. The accident
response team, equipped with protective clothing and supplied breathing air, would clean up the
spill. Because 235y would be in solution, none would be resuspended or released in any other
way to the environment. No doses to involved personnel, other personnel in CMR, or members
of the public would be expected.

Toxicological | I
No accidents involving release of toxicological materials were identified. If solution were spilled,
any acid fumes in the ventilation system would be neutralized by the NaOH scrubber before
leaving CMR.

5.2 ACRR Accident Analysis

The following sections present the radiological and mechanical consequences of three major
categories of accidents that could occur during operation of the ACRR for *Mo target
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irradiation. Target irradiation would only utilize the steady state mode of reactor operation. The
pulse modes, which are used for current missions, would be physically disabled and accidents
associated with pulsing would not be possible. All potential steady-state mode accidents at the
ACRR were evaluated and three representative accidents are presented in this section.
Appendix | contains a description of the scope of the evaluated accidents. The three accidents
presented in this section were selected on the basis of (a) type of event resulting in the
accident; (b) probability of the event; and (c) the severity of the event capable of causing a
release of radioactive materials. However, a maximum pulse accident, which serves as the
pulsing bounding accident, is included in Appendix F.

The three accidents selected are a natural phenomena (earthquakes), an external event
resulting in an accident (airplane crash); and an operational accident (fuel element rupture).
These accidents bound the risks from all other accidents, such as tornadoes, loss of coolant,
explosion, or fire, as discussed in Appendix 1.

It is important to note that unless a target or fuel element were to rupture, none of the
postulated accidents would result in a fission product release to the outside environment.

Earthquake

The reactor safety and emergency systems are designed to maintain operational capability in
the event that an earthquake should occur, vibration and acceleration effects are not expected
to result in damage to the reactor fuel elements or the regulating rod systems to the extent that
the reactor could not be shut down. If the earthquake should result in loss of power to the
facility, the reactor instrumentation and control system is designed to fail safe and reactor
shutdown would occur. If such an earthquake were to occur, the reactor and safety systems
would be inspected prior to the restart of the reactor.

As defined in the Uniform Building Code, ACRR facilities were designed and constructed in
accordance with the requirements for Seismic Zone 2. The ACRR High Bay is rated as a
Category |l structure, which means that failure of the structure as a resuit of earthquake would
neither release significant quantities of radioactive material nor prevent reactor shutdown.
Facility structures have been undamaged by seismic activity up to 3.8 on the Richter scale,
which available evidence indicates to be an upper limit on the most likely seismic event. Since
the Uniform Building Code Acceleration (horizontal) for Zone 2 is 0.067 g, and the Richter 3.8
acceleration is about 0.003 - 0.007 g, there is ample conservatism in the construction for the
maximum expected event. Analysis has shown that, even if a Richter M6 earthquake occurred,
the bridge crane supports would not fail, and, except for the slight loss of building mechanical
integrity in the concrete block walls, the reactor room would be expected to survive.

An earthquake could damage the high bay structure. This structure serves as confinement only
and is not adequate for containment. Because ACRR fission product inventories are low, the
site is isolated (the nearest population group is KUMSC at 1610 m [1 mi]) and its two exhaust
systems are equipped with HEPA filters, there is no requirement for containment or other
structural integrity features. The capability to shut down the reactor and maintain it in a safe
shutdown condition is not a function of the confinement structure, but rather of the inherent fail-
safe design of the reactor itself.
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Earthquakes associated with Zone 2 are not likely to result in structure collapse, but moderate
damage might include failures severe enough to cause the 15-ton capacity overhead bridge
crane to collapse into the reactor room. The crane can fall a total distance of about 8.2 m (27
ft), at which point it would have a velocity of 12.7 m/sec (42 ft/sec) and a kinetic energy of 0.4
MJ.

it is expected that a direct hit by the falling bridge crane on the reactor would crush all of the
reactor superstructure (components protruding above the reactor pool) to floor level. Since
operating procedures specify that the bridge crane cannot be operated or stored over the
reactor when the reactor is operating, a direct hit during reactor operation is extremely unlikely.
The most critical items that would be crushed are the reactor control rod drives. These rods are
designed to have a very small cross section (22 mm [0.9 in] diameter x 0.76 mm [0.03 in] wall
aluminum tubing) and are 9 m (30 ft) long. They would fail under compression loading by
buckling rather than collapsing or crushing the air-filled bottom section of the rods or
penetrating the safety plate and bottom of the tank. The control and safety rods would remain
in the core region and the reactor would remain shut down. For the purpose of the analysis it is
assumed that a bridge crane collapse could rupture up to four fuel elements or four targets.

Calculations for a fuel element rupture and the bridge crane collapse assume there is a credible
probability that the fission products from as many as four fuel elements could be released into
the reactor tank. The target rupture makes the same assumption. The fuel cask drop is
calculated for three targets being crushed in the GIF pool and releasing their contents.

As shown in Tables 5-1 and 5-2, the dose to the maximum public individual located 1610 m
from the facility for an earthquake/bridge crane collapse accident would be 19 mrem.
Considering the probability of the event occurrence, the annual latent cancer fatality risk to the
maximum individual would be 9.5e-06. That is about a 1 in 1,000,000,000 (one in a billion)
chance per year that a person located 1,610 m (1 mi) from the ACRR would die of a cancer as
a result of an earthquake/bridge crane collapse at the ACRR. For facility workers it is assumed
that, except during maintenance or target loading/unloading, workers would not be present
inside ACRR highbay. Further, it is assumed that anyone in the highbay during an earthquake
severe enough to cause a bridge crane collapse would either have already evacuated the
highbay area or would be killed by the collapsing building and/or structures.

In summary, the principal hazard resuiting from the occurrence of natural events would be the
onset of structural damage. As a secondary effect, however, the bridge crane could fall onto
the reactor and cause core damage. The consequences of natural events are within those
evaluated for the collapse of the bridge crane. In terms of reactor safety, natural disasters are
trivial events because of their low probability of occurrence, especially for magnitudes sufficient
to cause damage.

Airplane/Projecile | I

Landing and takeoff patterns for the various runways at the airport facilities do not affect reactor
operations. The runway of most concemn relative to reactor operations is the east-west runway.
Aircraft using the east end of this runway for landing or takeoff could fly over the facilities if they
are approaching or leaving the airport in a southerly direction. However, the east end of the
runway is 7.0 km (4.3 mi) from TA-V, and aircraft that may fly over the area during takeoff
should be fully airbomne. The estimated probability of an aircraft crash into the ACRR facility is
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about 5e-05 per year, or one crash expected in 20,000 years. Other than fatalities as a result
of the crash, consequences to the ACRR would not be expected to exceed those discussed for
collapse of the bridge crane.

Missiles generated from an explosive source inside the facility or other actions outside the
facility could conceivably penetrate the structure, but would not compromise safety. The only
source in the reactor room for generating large, sustained positive pressure differentials that
could rupture the reactor building is the steam system located on top of the GIF cells that is
associated with the High Intensity Adjustable Cobalt Array (HIACA). This system has been
deactivated and is no longer operational. Removal of the steam system hardware is dependent
on scheduling an appropriate time period with the reactor shutdown.

Table 5-1. Estimated Dose Consequences for ACRR Accident Scenarios

Estimated
Probability of Maximum Individual Dose (mrem)
Event Occurrence/Yr
300m 1610m 3000m 6000m | 20,000m
Earthquake/ <106 64 19 5.6 1.0 0.096
Bridge Crane
Collapse, 4 fuel
elements rupture
Airplane 5x 10 64 19 5.6 1.0 0.096
Crash
Fuel Element 104 -10%6 64 19 5.6 1.0 0.096
Rupture, 4
elements
Table 5-2. Estimated Risk Data for ACRR Accident Scenarios
Event Maximum Public Individual at 1610 m Total Population
Dose Risk Dose Risk
(rem) LCF (person-rem) LCF
Bridge Crane 1.9e-08 9.5e-12 2.3e-05 1.2e-08
Collapse, 4 fuel
elements rupture
Airplane 9.5e-07 4.8e-10 1.1e-03 5.8e-07
Crash
Fuel Element 1.9e-06 9.5e-10 2.3e-03 1.2e-06
Rupture, 4
elements
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Other than HIACA, there are no pressurized systems; therefore, dynamic effects of such
incidents as whipping pipes are an unlikely occurrence. Since most piping systems are
confined below grade and operate at basically ambient pressure, they could not conceivably
affect the reactor. The probability of a reactor incident occurring as a result of the dynamic
effects of missiles is negligible.

If an airplane were to crash into the ACRR building there would be no release of materials
unless targets or fuel elements were ruptured. In the interest of bounding the risks of an
airplane crash, it is assumed that the crash results in the bridge crane falling into the reactor
pool and rupturing four fuel elements. The impacts and risks of such an accident are shown in
Tables 5-1 and 5-2. The average annual risk to a member of the general public is about 1 in
800 billion chance of developing a cancer as a result of an airplane crash. For facility workers it
is assumed that anyone in the facility during an airplane crash would be killed by the impact,
building collapse, or subsequent fires.

The probability of an airplane crash which resulted in a large portion of the aircraft crashing
directly into the 3.6 m (12 ft) diameter ACRR pool and then impacting the core 9.1 m (30 ft)
below water was evaluated but the probability was determined to be so low (about 1 in a billion
per year) this crash was not analyzed.

Waterlogged Fuel Element Rupture

If a pinhole leak develops in the cladding, water can be drawn into the fuel element by the
pumping action from repeated thermal cycling due to periodic reactor operation. During the first
heating after a pinhole has developed, some of the fill gas will be forced out through the
pinhole. After cool down, the decreased pressure within the element will cause some water to
be drawn in. Provided the heating rate is slow, water will continue to be drawn in during
subsequent thermal cycling. Since the helium fill gas can be gradually displaced by water and
water vapor, there is a tendency for pumping efficiency to increase with each cycle, and a
significant fraction of the fuel element void space can be filled with water.

In pulse operation, the steam generation rate within a waterlogged fuel element can exceed the
venting capacity of the hole, and if the resulting internal pressure exceeds the bursting strength
of the cladding, it will rupture. While waterlogged fuel element failures have occurred (Potenza,
1966; Nuclear Safety, 1972), there have been no failures of elements used in the ACRR. All
recorded failures have occurred during pulsed operation. Since the ACRR would only be
operated in the steady-state mode, this type of fuel element failure is even more unlikely to
occur during Mo production and is assumed to have a probability of occurrence of less than
1e-6/yr. If a rupture were to occur, it would be detected through the increase in coolant
radioactivity and changes in core reactivity.

For the target rupture, MACCS was used to perform the downwind dose estimates assuming
that rupture occurs after a 21-kW, 7-day irradiation, and that all of the noble gases and 1
percent of the halogens are immediately released from the pool. All of the noble gases and 10
percent of the remaining halogens were assumed to be released from the stack (Restrepo,
1992). These assumptions are conservative; pool releases on the order of 37 percent of the
krypton, 23 percent of the xenon, and 1.3e-04 percent of the iodine are plausible (Powers,
1991).
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The fuel element rupture is assumed to occur at a time when all of the noble gases and
halogens have reached equilibrium activity conditions.

If a worker were in the ACRR high-bay when a fuel element ruptured, the worker would be
immediately notified of the rupture by various alarms and detectors in the reactor and reactor
area. The worker would then immediately evacuate the area and not return until safe
conditions were established or protective equipment used. If the worked did remain in the high-
bay for 5 minutes to perform a safety task, and the worker assumed to be exposed to 10% of
the total nobles and halogens assumed to be immediately released into the high-bay
atmosphere and 1% of the total halogens and fission products being respirable, the worker
would receive an estimated 80 rem. The latent cancer fatality risk to the worker, taking into
account the probability of a target rupture, is less than 3.2e-8 or 1 chance in 30,000,000 of
developing a fatal cancer.

5.3 Target Transfer Accident Analysis

The bounding impact for all target transfer operations would be represented by the rupture of a
single target as the result of a manned transport accident while in transit between the ACRR
and the HCF. Although highly improbable (estimated probability is less than 1e-06 per year),
this accident scenario assumes the loss of all noble gas radionuclides directly to the
atmosphere. Downwind dose estimates for a cask transport accident between the ACRR and
the HCF are presented in Table 5-3. MACCS was used to perform the downwind dose
estimates assuming that rupture occurs after a 21-kW, 7-day irradiation, and that all of the
noble gases and 1 percent of the halogens were immediately released from one target into the
atmosphere. The dose to an offsite individual located 1610 m (1mi) away would be 3.8 mrem.
Risk data for the transport accidents are shown in Table 54. The maximum public individual
dose risk from a target transfer accident would be 0.00038 mrem for an individual located 1610
m (1 mi) from TA-V. The total population risk would be 3.6e-07 LCFs. This transiates into an
average annual accident risk of 7.5e-13 or that the chance of any one individual dying of a
cancer from a target transport accident is about 1 in a trillion per year.

Due to the extremely high speeds and the impact severity necessary to breach the
transportation cask, it is assumed that the worker that would be driving the transport vehicle
would likely be killed by the impact of the mobile transport accident.

If a mobile transport accident were to occur with the same consequences in Zone 2A, only the
noble gases would be released; the halogens would be trapped in the building ventilation
system charcoal filters, which could then be isolated and changed out. As a result, the doses
and risks would be less than those shown in Tables 5-3 and 5-4.

5.4 HCF Accident Analysis

In this section, impacts of potentially credible accidents in the HCF are presented. All potential
accidents at the HCF were evaluated and three representative accidents are presented in this
section. Appendix | contains a description of all evaluated accidents as well as the
methodology used to screen the accidents. The accidents were selected on the basis of: (a)
type of event leading to the accidents; (b) probability of the event; and (c) severity of the event
capable of causing a release of radioactive materials. The three accidents presented are
airplane crash, fire, and target process spill.
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Table 5§-3. Downwind Dose Estimates for a Target Rupture During Transport to the HCF

Maximum Individual Dose at Distance from HCF (mrem)
Accident 300 m 1610 m 3000 m 6000 m 20,000 m

1 Target ruptures 6 30.5 3.8 0.94 0.17 0.020
hrs after irradiation;
100% nobles and
1% halogens
released

Table 5-4. Estimated Risk Data for Target Rupture During Transport to the HCF

Maximum Off Site Individual Total Population
1610 m
Dose Risk Dose Risk
Event (rem) LCF (person-rem) LCE
1 Target ruptures 6 3.8e-09 1.9e-12 7.1e-06 3.6e-09

hrs after irradiation;
100% nobles and
1% halogens
released

The main safety system in the HCF, its passive shield walls, would remain effective during
accidents or abnormal conditions with no additional action required by an operator or an
automated system. Therefore, in the event of a shutdown, radioactive material would be
secured (i.e., returned to shielded containers) only if this could be easily and safely
accomplished. Other operations would be conducted during accident conditions only after
review by appropriate safety review and/or emergency response groups. The TA-V Emergency
Plan describes the plans and equipment for responding to and handling emergency conditions
and events in the HCF and the rest of TA-V.

Airplane Crash

As discussed in Section 5.2, the probability of an aircraft hitting either the ACRR or the HCF is
about 5e-05/yr. Small airplanes that crash into the facility would not be expected to cause
severe damage to Building 6580, especially to the HCF which is located in the basement of
Building 6580 and is constructed of steel reinforced concrete approximately 1.37 m (4.5 ft)
thick. Only large aircraft would have the potential to cause major building damage; however,
this would probably not impact the HCF. While the airplane crash itself would probably not
affect the radioactive material within the HCF, the crash and probable fire would damage the
ventilation system. In this case all materials in the cold trap and charcoal filters are assumed to
be released to the environment. Workers in the below-ground portion of the HCF would be
protected from an airplane crash by the HCF structure. There would be no expected worker
impact from radioactive materials in the SCBs in the HCF because of facility design features.
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The dose to the maximally exposed individual at 1610 m (1 mi) would be approximately 0.15
mrem. The annual cancer risk to this individual is approximately 1 in a billion. Table 5-5 shows
the risks from the airplane accident. These impacts do not include the fatalities expected for
aircraft crew, passengers, and facility personnel.

Table 5-5. Estimated Maximum Individual and Population Risks
for Aircraft Crash into HCF

Maximum Public
Individual Dose Individual Population Population
Risk LCF Risk Dose Risk LCF Risk
8e-9 rem 4e-12 3.6e-4 1.8e-7

" Individual assumed to be located 1610 m from HCF.
Eire

Buildings 6580 and 6581 are provided with automatic sprinkler systems everywhere except
HCF Zones 1 and 2A where, due to the possible presence of reactive metals such as sodium, a
nitrogen fire suppression system is used. This system is on the emergency power system, and
the nitrogen valves are designed so that once open, they will not fail in the event of a power
failure. If the power to the exhaust blower should fail, a natural draft would be established from
Zone 1 through the TA-V stack to minimize possible pressurization of the SCBs under the
highly unlikely condition that both normal and emergency power fail at the same time a fire
occurs. Water spray heads, scrubbers and de-misters are incorporated into the Zones 1 and
2A exhaust lines to keep air temperatures at the HEPA filters below 148°C (298°F). HEPA
filters are designed to operate up to 200°C (3920F). This system would be activated when the
air duct temperature exceeded 87°C (189°F). Zones 1 and 2A are separated from the Zone 2
support area by concrete walls fire-rated for at least 4 hours and by viewing windows fire-rated
for at least 2 hours. Room 108 is separated from other adjacent areas by concrete walls and a
sliding concrete door fire-rated for at least 4 hours. The building has a fully supervised alarm
and evacuation system, connected to both Sandia Security and the KAFB East Fire
Department, that is automatically activated by any sprinkler water flow. The HCF is equipped
with an independent fire alarm control panel, located in Room 107, that monitors all areas of the
HCF and is the control panel for the nitrogen fire suppression system. Portable fire
extinguishers are also located throughout the facility at strategic locations.

Since there has never been a fire in the HCF, it is difficult to define a particular initiating event,
and therefore, for purposes of analysis, it is assumed that the fire is of unspecified origin, and
could be the result of an electrical short or spark or maintenance activities (e.g., welding). In
the last five years, about 16 fires have been recorded at the 500 SNL Albuquerque facilities,
leading to an annual probability of occurrence of 6.4e-03/facility.

Due to the exhaust system HEPA filters, doses to the maximum-exposed offsite individual,
onsite collocated personnel, and the general public are small for all fire accident scenarios and
all areas. The worst fire scenario, a Beyond Evaluation Basis Fire in Room 108 (probability of
occurrence = 2e-07), would result in a calculated dose of 0.22 mrem to onsite personnel, 0.43
mrem to the-maximum exposed individual located at 1610 (1 mi). These numbers are 10,000
times smaller than the aliowable limits, as defined by Secretary of Energy Notice SEN-35-91,
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for an abnormal event with a probability of occurrence of 1 in 10,000 to 1 in 1,000,000 (DOE,
1991).

Consequences to workers in the immediate area from fire scenarios would be dominated by
exposure to airborne radioactive material either due to inhalation and/or immersion. Previous
calculations have shown that for various amounts of radioactive materials in Zone 2A of the
HCF, including amounts equal to established radioactive material limits, the maximum
calculated worker exposure for a credible accident scenario is about 21 rem (Restrepo, 1994).

Target Process Spill

HCF workers would receive no dose from a target process spill because the released materials
would be trapped either in the SCBs or the ventilation system filters (particulates and halogens
such as bromine and iodine) or released to the HCF stack (noble gases such as krypton and
xenon). Table 5-6 summarizes the estimated potential doses to onsite personnel, and the
- public for process spills where, due to operator error or mechanical failure, the ventilation
system filter is not isolated, causing a release of secondary xenon and krypton from the decay
of bromine and iodine. For the target and process solution spills, it was assumed that released
halogens would not be cleaned up until 2 hours after the spill, a conservative estimate. In the
case of a release of the nobles and halogens from the cold trap, it was assumed that the
maximum amount was present; i.e., 95 percent of the total from two targets. It was further
assumed that processing of the second target was completed and the cold trap was not
changed out until the next day, giving the halogens 24 hours in which to decay. This would be
the worst-case scenario for this event.

Table 5-6. Estimated Individual Doses for HCF *Mo Spills, SCB Ventilation Filter Not
Isolated, Processing Starts 6 Hours After irradiation

Accident

Dose (mrem)

300 m

1610 m

3000 m

6000 m

20,000 m

Target spill, all nobles
released, halogens
decay for 6 hrs

0.15

0.052

0.034

0.015

0.0024

Cold trap release of
nobles from 2 targets,
halogens decay for

6 hrs

0.28

0.099

0.064

0.028

0.0046

Process solution spill,
10% of nobles
released, halogens
decay for 6 hrs

0.0074

0.0026

0.00088

0.00075

0.00012
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5.5 Transportation Accident Analysis
5.5.1 Introduction

The potential risks associated with transporting radioactive materials related to the proposed
action are estimated for the same types of shipments shown in Table 4-14. Accident risks are
estimated for two time regimes, 1) annually, and 2) life of program (assumed to be 30 years).
Appendix A, Section A.7 describes the shipping campaigns used in the analysis for this section.

5.5.2 Pre-operational Waste Transportation

A bounding estimate for risks associated with the transportation of the pre-operations waste was
derived by assuming that the entire inventory of the pre-operations waste would have the same
specific activity as the operations Hot Cell Facilty wastes (see Section 5.5.5) and would be
shipped in the same container. The Hot Cell Facility waste inventory model was based on the
inventory of a 21 kW-7 day irradiated target 180 days out of reactor The waste capacity of the B-
3 is essentially equivalent to that of a 55 gaIIon drum, 0.212 m® (7.5 ft) Repository waste
gtance criteria would limit the amount of 2%U per waste package to a quantity equivalent to
the 2354 in fourteen such targets. This inventory is documented in Appendix L. Thus, the pre-
operations waste transportation campaigh was modeled as 1000 B-3 cask shipments. The
estimates of accident dose risk are summarized in Table 5-7. The accident dose risk estimates
from the pre-operations waste shipments (3.1e-11 person-rems for the NTS waste disposal
option, and 8.9e-11 person-rem for the Hanford option) would be about half of the estimated dose
risk to the public from the production Hot Cell Waste shipments (see Section 5.5.5).

Table 5-7. Pre-Operational Hot Cell Cleanup Waste Shipment Accident Risks

Waste Repository Location NTS Hanford

Shipments/yr 1000 1000

Accident Risks Person-Rem LCF Person-Rem LCF
Public 3.1e-11 1.6e-14 8.9e-11 4.5e-14
Maximum Individual 2.9e-03 1.5e-06 2.9e-03 1.5e-06

5.5.3 Unirradiated Target Shipments

Transportation impacts associated with shipments of unirradiated targets were estimated for two
sets of target shipments. The first is the set of target shipments from LANL to SNL/NM to support

the production of radioisotopes at SNL/NM's TA-V. The second is the set of target shipments
from LANL to Ontario, Canada, to support the production of radioisotopes at Nordion in Chalk
River. Shipment of unirradiated targets to SNL/NM were modeled as exclusive-use truck
shipments where only a single package of 24 targets would be shipped per truck. Shipments to
Nordion in Chalk River, Ontario were modeled as two stage shipments - exclusive-use shipments
from LANL to Albuguerque International Airport (AlA), and then exclusive-use air cargo from AlA
to Ottawa, Ontario. An intermediate refueling stop was included in the air cargo model to
establish an upper bound on the risk associated with take off and landing operations. In Table 5-8
the dose risk estimates for the target shipments are shown.
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Table 5-8 Total Accident Radiological Transportation Dose-Risks for Shipping:
Unirradiated Targets Fabricated at LANL

Market Share 30 percent 100 percent 200 percent

Shipments/yr 13 44 87

Destination | Risk Person- | LCF Person- | LCF Person- | LCF

Rem Rem Rem

SNL Annual 2.3e-04 1.2e-07 | 7.9e-04 | 4.0e-07 1.6e-03 | 7.8e-07
Total
Life Of | 7.0e-03 | 3.5e-06 | 2.4e-02 | 1.2e-05 | 4.7e-02 | 2.3e-05
Program

Ottawa Annual 4.9e-04 | 2.4e-07 1.7¢-03 | 8.3e-07 | 3.3e-03 1.8e-06
Total
Life Of | 1.5e-02 | 7.3e-06 | 5.0e-02 | 2.5e-05 | 9.8e-02 | 4.9e-05
Program

An alternative to fabricating the targets at LANL would be to fabricate the targets at a commercial
facility such as Babcock and Wilcox in Lynchburg, Virginia. The targets would be transported
directly from Lynchburg to Albuquerque via exclusive-use air cargo truck and then transported by
truck from AIA to SNL/NM TA-V. A refueling stop between Lynchburg, Va. and Albuquerque was
incorporated into the model to establish an upper bound estimate of risks associated with take-off
and landing operations. However, exclusive-use truck could also be used to ship the targets to
SNL/NM. The transportation risks associated with this alternative are shown in Table 5-9.

Table 5-9 Total Accident Radiological Transportation Dose-Risks: Unirradiated Target
Shipments From Babcock and Wilcox, Lynchburg, Virginia, To SNL/NM

Market Share 30 percent 100 percent 200 percent

Shipments/yr 13 44 87

Mode Of | Risks Person- | LCF Person- | LCF Person- | LCF

Shipment Rem Rem Rem

Air Cargo | Annual 6.0e-04 | 2.6e-06 | 2.0e-03 | 1.0e-06 | 4.0e-03 | 2.0e-06
Total
Life Of 1.8e-02 9.0e-06 | 6.1e-02 3.1e-05 1.2e-01 6.0e-05
Program

Truck Annual 5.6e-04 2.8e-07 1.9e-03 | 9.5e-07 3.8e-03 1.9e-06
Total
Life Of 1.7e-02 | 8.4e-06 | 5.7e-02 | 2.9e-05 1.1e-01 5.6e-05
Program
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5.5.4 Isotope Product Shipments

5.5.4.1 Isotope Product Shipments Associated With Full Purification Of Isotopes At
SNL/NM

In Table 5-10 the transportation accident risk estimates of shipping the fully purified isotope
products from SNL/NM to three locations (Boston, Chlcago and Salnt Louus) are shown In the
transportation model it was assumed that each package of ¥Mo, **xe, "I, and '®| was shipped
individually. This bounds the potential frequency risk from accidents by maximizing the number of
shlpments modeled. Approximately 40 percent of the accident risk is associated with shipping

Mo and a similar contribution from the '*I shipments. However, the risk associated with the
133%e shipments is approxnmately 10 percent of the total. This is primarily due to the risk
associated with shipping the "3Xe from SNL/NM TA-V to Albuquerque International Airport ***Xe
would be shipped in Type A packages that could fail |n relatlvely minor accident environments.
The risk associated with the shlpments of ®*Mo and "'l would be dominated from air-cargo
accidents. This is because ®*Mo and ®'| would be shipped in Type B containers designed to
withstand most accident conditions that might be encountered while being shipped from SNL/NM
TA-V to Albuquerque International Airport.

Table 5-10. Accident Radiological Transportation Risk:
Purified Isotope Product Shipment

Market Share 30 percent 100 percent 200 percent
Shipments/yr 967 3224 6448
Dose Risk Person-rem LCF Person-rem LCF Person-rem LCF
Annual Total 3.1e-02 1.5e-05 1.0e-01 5.1e-05 2.0e-01 1.0e-04
Life of Program 9.2e-01 4.6e-04 3.1e+00 1.5e-03 6.1e+00 3.1e-03
(30 years)

5.5.4.2 Shipment of Unpurified %Mo between SNL/NM and Ottawa, Canada

As discussed in Sectlon 4.1.4.3.2, the shipping campaign that would result from the option of
shipping unpurified *Mo from SNL/NM to Ottawa would be very similar to the shipping campalgn
for shipping purified isotope products. Thus, the risks associated with shipping unpurifi ied *Mo
from SNL/NM to Ottawa instead of shipping purified ®Mo from SNL/NM to Boston, Chicago, and
St. Louis would be essentially the same.

5.5.5 Waste Shipments

Transportation risks associated with both waste disposal options of the proposed action are
shown in Table 5-11. With the exception of the destination repository there are would be no
differences in the number and types of waste shipments for each option. The dose risk that would
be associated with these options would vary according to the distance over which the waste must
be shipped and the potentially exposed population living along the waste transportation route
modeled in the RADTRAN 4 risk assessment. Accident dose risk estimates for the Hanford option
are about a factor of two higher than estimates for the NTS option. The distance covered in a
representative highway route between SNL/NM and the NTS is estimated as 1423 km (882 mi),
and between SNL/NM and Hanford as 2594 km (1608 mi). The potentially exposed population
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126,000, and for the route from SNL/NM to Hanford, the population estimate is 282,000.

Table 5-11. Accident Radiological Transportation Risk:

Waste Shipments
Market Share 30 percent 100 percent 200 percent
Shipments/yr 23 75 149
Waste site Dose Risk LCF Dose Risk LCF Dose Risk LCF
Option (Person-rem) (Person-rem) {Person-rem)
NTS Annual Total 7.1e-13 3.6e-16 2.3e-12 1.2e-15 4.6e-12 2.3e-15
Life of 2.1e-11 1.1e-14 7.0e-11 3.5e-14 1.4e-10 6.9e-14
Program
Hanford Annual Total 2.0e-12 1.0e-15 6.7e-12 3.3e-15 1.3e-11 6.6e-15
Life of 6.1e-11 3.1e-14 2.0e-10 1.0e-13 4.0e-10 2.0e-13
Program

5.5.6 Nonradiological Impacts

Mechanical or non-radiological risks associated with the proposed transportation activities are
illustrated in Tables 5-12 and 5-13. These risks are dominated by highway traffic accident risk.
Theses risk estimates are most sensitive to increases in distance traveled. Thus, the risk
associated with shipping the waste to Hanford would be higher than the risk associated with
shipping the waste to NTS. In comparing the results of Tables 5-12 and 5-13 with Table 5-14, it
is interesting to note that nonradiological risks (deaths from traffic accidents) are much greater
than those from radioactive material accidents risks. For example, if Hanford were the disposal
site, the total nonradiological annual transportation accident risk is 0.019 deaths at 100 percent
production while the radiological annual accident risk is 0.00005 deaths or about 400 times less.
What this means is that a member of the public is 400 times more likely to die from an accident
simply involving the truck than from a release of radioactive materials from the truck.

No toxicological impacts would be expected from any accidental release of the materials to be
shipped.

5.5.7 Total Radiological Impacts

As can be seen from the risk estimates in Table 5-14, the total transportation risk estimates
associated with either waste repository option are equivalent. The transportation accident risk
is dominated by the risk associated with the shipment of isotope products from SNL/NM to
Boston, Chicago, and St. Louis. Thus, even though the increased distance and potentially
exposed population associated with shipping the waste to Hanford are approximately a factor of
two higher than for the NTS option, the contribution of waste shipments to total risk associated
with the proposed action would be insignificant. As stated in Section 5.5.5, the only shipment
characteristic that would differ between the two options would be the waste repository
destinations.
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Table 5-12. Accident Non-radiological Transportation Fatality Risk - Annual Risk

Shipment Market Share 30 percent 100 percent 200 percent
Targets - SNL Workers 5.5e-05 1.8e-04 3.7e-04
Public 2.0e-04 6.6e-04 1.3e-03
Targets - Ottawa Workers 5.5e-05 1.8e-04 3.7e-04
Public 2.0e-04 6.6e-04 1.3e-03
Isotopes to Airport Workers 4.1e-04 1.4e-03 2.7e-03
Public 1.5e-03 4.8e-03 9.7e-03
Waste Shipments Workers 9.7e-04 3.2e-03 6.3e-03
to NTS Public 3.5e-03 1.1e-02 2.2e-02
Waste Shipments Workers 1.7e-03 5.4e-03 1.1e-02
to Hanford Public 5.8e-03 1.9e-02 3.7e-02
Total - NTS Waste Workers 1.5e-03 4.9e-03 9.7e-03
Disposal Option Public 5.3e-03 1.7e-02 3.5e-02
Total - Hanford Waste Workers 2.2e-03 7.1e-03 1.4e-02
Disposal Option Public 7.6e-03 2.5e-02 5.0e-02

Table 5-13. Accident Non-radiological Tra

nsportation Fatality Risk - Life of Program

Shipment Market Share 30 percent 100 percent 200 percent
Targets - SNL Workers 1.6e-03 5.5e-03 1.1e-02
Public 5.9e-03 2.0e-02 3.9e-02
Targets - Ottawa Workers 1.6e-03 5.5e-03 1.1e-02
Public 5.9e-03 2.0e-02 3.9e-02
Isotopes to Airport Workers 1.2e-02 4.1e-02 8.1e-02
Public 4.4e-02 1.5e-01 2.9e-01
Waste Shipments Workers 2.9e-02 9.5e-02 1.9e-01
to NTS Public 1.0e-01 3.4e-01 6.7e-01
Waste Shipments Workers 5.0e-02 1.6e-01 3.2e-01
to Hanford Public 1.7e-01 5.6e-01 1.1e+00
Total - NTS Waste Workers 4.4e-02 1.5e-01 2.9e-01
Disposal Option Public 1.6e-01 5.2e-01 1.0e+00
Total - Hanford Waste Workers 6.5e-02 2.1e-01 4 .3e-01
Disposal Option Public 2.3e-01 7.5e-01 1.5e+00
Table 5-14. Total Accident Radiological Transportation Risk
_(Target, Waste, and Product Transportation)
Market Share 30 percent 100 percent 200 percent
Waste site Dose Risk LCF Dose Risk LCF Dose Risk LCF
Option (Person-rem) (Person-rem) (Person-rem)
NTS Annual Total 3.16-02 1.6e-05 1.0e-01 5.26-05 2.1e-01 1.0e-04
Life of 9.3e-01 4.7¢-04 3.1e+00 1.6e-03 6.2e+00 3.1e-03
Program :
Hanford Annual Total 3.1e-02 1.6e-05 1.0e-01 5.2e-05 2.1e-01 1.0e-04
Life of 9.3e-01 4.7e-04 2.7e+00 1.3e-03 6.2e+00 3.1e-03
Program
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Maximally E | Individual

The calculation of the maximally exposed individual was estimated using the TICLD code
(Weiner, 1993). The most severe foreseeable accident environment mode! involved major
mechanical damage, fire, and oxidation of all of the radioactive material released during such
an accident (severity category 6, see Appendix L). The dose to a maximally exposed individual
located 34 meters (112 feet) from the package and exposed to the entire plume passage and
the next 24 hours of exposure to resultant fallout would be:

4.2 rem (0.0021 LCFs) for a failed package of Mo,

0.9 rem (0.00045 LCFs) for a failed package of '*'|,

0.02 rem (0.00001 LCFs) for a failed package of '**Xe,

0.003 rem (0.0000015 LCFs) for a failed package of ',

0.4 rem (0.0002 LCFs) for a failed package of unirradiated targets, and
0.0000029 rem (0.0000000015 LCFs) for a failed waste package.

A distance of 34 m (112 ft) is the maximum distance away from the accident site of the highest
downwind concentration used in the risk calculations because the plume would rise for a short
downwind distance before starting to fall. The waste would be solidified in cement, which would
greatly retard the release of material even in an extreme accident environment. The isotope
products would be shipped in highly dispensable forms.

At such a close distance as 34 m(112 ft), it is highly probable that the individual, if not
evacuated, would be harmed more by the explosion and fire engulfing the cask than by the
radiation dose. A dose as low as 4.2 rem in a 24 hour or shorter period would cause no
observable clinical effects. An acute dose of around 600 rem results in death of 50 percent of
the exposed population within 30 days.

5.6 Simultaneous Accidents

The potential for an accident at one facility to result in an accident at another facility or for an
initiating event to cause accidents at multiple facilities was evaluated. Due to the distance of
LANL from SNL it would be unlikely that an event or accident at LANL would affect SNL.
Similarly a severe transportation accident would not affect or result in accidents at LANL or
SNL. However, the close proximity of the HCF and ACRR at SNL does make it appear
reasonable that an accident at one facility could effect the other. The structural design and
integrity of the HCF and ACRR and the below-ground location of the HCF must be considered
for accidents affecting both facilities. The only accident likely to impact both facilities would be
an airplane crash resulting in a collapse of the bridge crane in the ACRR while simultaneously
causing a fire which damaged the ventilation filters for the HCF. The probability of this event is
less than 1 in a million per year making the event not credible. The risks associated with this
event on shown in Table 5-15. The average individual in the Albuquerque area would have an
annual chance of dying from cancer as a result of a large airplane crashing into the ACRR and
HCF of about 1 in 600,000,000,000.

The risks reported in Table 5-15 do not include the fatalities which would be expected for the

crew and passengers of the aircraft or of the SNL personnel working in the facilities impacted
by the crash.
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Table 5-15. Simultaneous Accident Risks:
Airplane Crash into ACRR and HCF

Facility Affected Maximum Public Individual at Total Population
by Airplane 1610 m
Crash
Dose Risk LCF Dose Risk LCF
(Person-rem) (Person -rem)

ACRR 9.5e-7 4.8e-10 1.1e-3 5.8e-7

HCF 8e-9 4e-12 3.6e4 1.8e-7

Total 9.6e-7 4.8e-10 1.46e-3 7.6e-7
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6.0 AGENCIES CONSULTED
The following agencies were consulted in the development of the Environmental Assessment.
Federal Agencies

Food and Drug Administration
Bureau of Indian Affairs
U.S. Air Force, Kirtland Air Force Base

Other

Department of Public Safety, State of New Mexico
Isleta Pueblo

Tesuque Pueblo

Cintichem Inc.

Federal Express

Babcock & Wilcox

Nordion, Inc.

Albuquerque International Airport

DuPont Merck

Mallinckrodt

University of New Mexico, School of Medicine (New Mexico Tumor Registry)
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7.0 REGULATORY REQUIREMENTS

Sandia’s ES&H Requirements are derived from federal, state and local regulations, DOE
Orders, DOE Directives and internal SNL best practices. The primary guidance for the
operation of SNL is provided by the DOE Orders. DOE Orders and other DOE directives are
technically equivalent to regulations developed by other regulatory agencies to implement
federal laws at private facilities. Sandia National Laboratories and employees are responsible
and accountable for protecting the environment and promoting a safe workplace. The SNL
ES&H Manual provides overall guidance with regard to the numerous regulations. It is regularly
updated to reflect current regulations. The ES&H support organizations interpret ES&H
requirements, provide resources aimed at communicating and clarifying those requirements
and assist the rest of SNL in developing programs and procedures necessary to implement the
requirements.

AIR EMISSIONS
N liological

SNL/NM is located on Kirtland Air Force Base in Bernalillo County. Bernalillo County has been
designated as a air quality non-attainment area for Carbon Monoxide (CO). While the proposed
activities would result in direct emissions (diesel generator) and indirect emissions (increase in
worker population, transformation of wastes) of CO, the total increase in emissions would not
equal or exceed 100 tons/year of CO. Therefore, a conformity determination is not required (40
CFR 93.153).

SNL/NM will comply with the ambient air quality standards of the Albuquerque/Bernalillo County
Air Quality Control Board. The National Emission Standards for Hazardous Air Pollutants
(NESHAP) for nonradiological pollutants are incorporated as an Air Quality Control Regulation
of the Albuquerque/Bernalillo Control Air Quality Board. This regulation imposes local
requirements identical to those of NESHAP, including control of toxic substances as mandated
by the Clean Air Act . In addition the Néw Source Performance Standards (NSPS) of 40 CFR
60 (EPA , 1984) as amended through March 14, 1984 have been adopted by the City of
Albuquerque. The NSPS limit emissions from new industrial plants. Regulated “air
contaminants” include those for which New Mexico and federal standards have been
established, including the federal “criteria” pollutants. Other regulated air contaminants include,
but are not limited to: visible contaminants (Regulation No. 5); airborne particulates (Regulation
No. 8. ); process equipment emissions (Regulations Nos. 12 to 18) and volatile organic
compounds (VOCs) (Regulation No. 11). The Board’'s potentially relevant standards and
regulations are as follows: Regulation No. 20 - Authority to Construct Permit, Regulation No.
29 -Restoration of Air Contaminant Sources; Regulation No. 32- Construction Permits in
Nonattainment Areas.

National Emission Standards for Hazardous Air Pollutants (NESHAP)

Radioactive air emissions at DOE facilities are regulated under the Clean Air Act, 40 CFR 61
Subpart H. The regulatory authority for NESHAP is EPA Region VI. The NESHAP require
continuous stack monitoring for sources having the potential to contribute a committed
effective dose equivalent (CEDE) of > 0.1 mrem/yr. to the nearest offsite public receptor, and
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requires periodic confirmatory monitoring for sources contributing less than 0.1 mrem/yr to off-
site members of the general public. Air emissions from DOE facilities shall not exceed amounts
that would cause any member of the public to receive in any year an effective dose equivalent
of 10 mrem/yr. The regulation also requires EPA approval for new construction or modification
of a source within a facility if the source might result in a maximum individual CEDE of > 0.1
mrem/yr. from radioactive air emission at the nearest residence, office, school or other
NESHAP receptor [40 CFR 61.93 (b)(4)(i)].

STORM WATER

Storm water effluents will be discharged from the TA-V Site via a storm sewer system which
empties into drainage ditches. Storm water effluents are regulated under the Clean Water Act,
40 CFR parts 122,-124 and 504. EPA Region VI has authority for permitting of storm water
discharges under the requirements of National Pollutant Discharge Elimination System. A SNL
site wide application for a permit has been submitted to EPA Region VI.

WASTEWATER DISCHARGES

The Albuquerque Sewer Use and Wastewater Control Ordinance regulates discharges to the
city’s publicly owned treatment works (POTW) through issuance of waste water discharge
permits. The permits, several of which are held by SNL, establish effluent limitations and
monitoring requirements which must be met by the permit. The discharges to the sewer
system are authorized not only by the city ordinance by also in the applicable provisions of state
or federal law, regulations, or monitoring requirements. Disposal of radioactive material is
limited to concentrations allowed in DOE Order 5400.5. All process water from TA-V is routed
to a Liquid Effluent Containment System, where it is monitored prior to release to the sewer
system.

RADIOACTIVE WASTE AND SPENT FUEL STORAGE

The storage and management of low-level radioactive waste will meet the requirements of DOE
Orders 5820.2A for waste reduction, segregation, minimization, and characterization. Spent
fuel storage will be designed and managed following the requirements of DOE Orders 6430.1A
and 5480.23 which specify the general design criteria for DOE facilities, contaminant
requirements, and safety analysis requirements in addition to the general management
requirements listed in 5820.2A.

ENVIRONMENTAL MONITORING AND COMPLIANCE

Standards and requirements for protection of the public and the environment are spelled out in
DOE Order 5400.5 and 10 CFR 834. An environmental monitoring and compliance program at
SNL is administered by the Environmental Programs Department in the Directorate of
Environment, Safety and Health to monitor both radioactive and non-radioactive effluents and
associated environmental impacts resulting from SNL operations. The environs around TA-V
are monitored as part of the overall environmental and compliance program. The SNL annual
environmental monitoring reports are available to the public through the National Technical
Information Service (NTIS).
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HAZARDOUS WASTE MANAGEMENT

Hazardous wastes generated will be managed to comply with the requirements of 40 CFR 260-
280, DOE Orders and applicable federal and New Mexico State regulations. They will be
managed in accordance with the SNL Waste Management Program.

RADIATION WORKER PROTECTION

Sandia National Laboratory protects the radiation worker by implementation of Occupational
Radiation Protection Rule, 10 CFR Part 835, which ensures that DOE facilities are operated in
a manner such that occupational radiation exposure to workers is maintained with acceptable
limits and as far below these limits as reasonably achievable. This rule addresses
recommendations generated by authoritative organizations, e.g., National Council on Radiation
Protection and Measurements (NCRP), and International Commission on Radiological
Protection (ICRP). It provides nuclear safety requirements which, if violated will provide a basis
for the assessment of civil and criminal penalty under the Price Anderson Amendments Act
(PAAA) of 1988.

TRANSPORTATION

All transportation involving the proposed action will be covered under applicable DOT and NRC
regulations.

FEDERAL DRUG ADMINISTRATION (FDA)

There would be no direct approval from Federal Drug Administration (FDA) for the **Mo
produced by SNL/NM. SNL/NM would submit call batch samples to the pharmaceutical
companies who manufacture the *Mo/*™Tc generators. They would test the samples
submitted to determine if the supplied %Mo meets their requirements. Acceptance criteria
cover areas such as radiochemical and chemical purity, specific activity, and impurity profile.
Each pharmaceutical company would make a request to the FDA to amend their existing
application to include SNL/NM as qualified supplier of **Mo.
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8.0 GLOSSARY

Accelerator: A device for imparting kinetic energy to charged particles, such as electrons,
protons, deuterons, and helium ions. Common types of accelerators are the cyclotron,
synchrotron, synchrocyclotron, betatron, linear accelerator and Van de Graff electrostatic
generator.

Acute Exposure: Term used to denote radiation exposure of short duration.

Air lock: An intermediate chamber between the outer air and a working chamber, generally for
the purpose of accommodating transfer of materials while maintaining chamber isolation.

As Low As Reasonably Achievable (ALARA): An approach to radiological control to manage
and control doses (individual and collective) received by the work force and to the general
public at levels as low as is reasonable, taking into account social, technical, economic,
practical and public considerations. As normally used in this document, ALARA is not a dose
limit but a process that has the objective of attaining doses as far below the applicable
controlling limits as is reasonably achievable.

Background Radiation: Radiation arising from radioactive material naturally occurring in the
environment and from cosmic rays.

Charcoal filter: Charcoal filters are used to trap fission product gases from nuclear reactors
and radiochemical operations. These filters, also known as activated-carbon absorbers, are
made of tightly packed beds of absorbent carbon granules.

Confinement/Containments: Boundaries which prevent and/or control the release of an
enclosed substance. A confinement boundary may contain leakage paths, however, release is
prevented by negative pressure differentials as other means. A containment boundary is a full
enclosure which is sealed to a specified leak rate.

Contro! rod: Any rod used to control the reaction rate in a nuclear reactor, typically by
absorption or reflection of neutrons.

Core: In a nuclear reactor, the region containing the fissionable material. The body of fuel or
moderator and fuel in a nuclear reactor.

Critical Assembly: Is an assembly of fissionable materials, moderators and reflectors which
has attained or exceeded the critical mass.

Critical Mass: |s the smallest mass of fissionable material that will support a self-sustaining
chain reaction under specified conditions.

Decay: Disintegration of the nucleus of an unstable nuclide by the spontaneous emission of
charged particles and/or phatons.

Decontamination: Process of removing radioactive contamination and materials from
personnel, equipment or areas.
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Dose: The amount of energy deposited in body tissue due to exposure to ionizing radiation.
Various technical terms, such as dose equivalent, effective dose equivalent and collective dose,
are used to evaluate the amount of radiation an exposed worker receives. These terms are
used to describe the differing interactions of radiation with tissue as well as to assist in the
management of personnel exposure to radiation.

Absorbed dose: Energy imparted to matter by ionizing radiation per unit mass of
irradiated material at the place of interest in that material. The units of absorbed doses
are the rad and the gray (Gy).

Dose equivalent: Some types of radiation, such as neutron and alpha, deposit their
energy more densely in affected tissue than gamma radiation and, thereby, cause more
damage to tissue. The term dose equivalent, measured in units of rem, is used to take
into account this difference in tissue damage. The product of the absorbed dose in
tissue, a quality factor, and all other necessary modifying factors at the location of
interest. The units of dose equivalent are the rem and sievert (Sv).

Effective dose equivalent (EDE): The sum of the products of the dose equivalent to
the organ or tissue and the weighting factors applicable to each of the body organs or
tissues that are irradiated.

Committed dose equivalent (CDE): The dose equivalent to organs or tissues of
reference that will be received from an intake of radioactive material by a person during
the 50-year period following the intake.

Committed effective dose equivalent (CEDE): The sum of the products of the
weighting factors applicable to each of the body organs or tissues that are irradiated and
the committed dose equivalent to these organs or tissues.

Quality Factor: Dimensionless weighting number used to take into account the
differences in tissue damage due to radiation.

UNITS FOR DOSE:

RAD (Radiation Absorbed Dose): The unit of absorbed dose, which is 100
ergs/gram in any medium.

REM (Roentgen Equivalent Man): The dose in rems is equal to the absorbed
dose in rads times a quality factor for the type of radiation being absorbed.

Sievert (Sv): S! unit of any of the quantities expressed as dose equivalent. The
dose equivalent in sieverts is equal to the absorbed dose in grays muitiplied by
the quality factor (1 Sv = 100 rems).

Dosimeter: Instrument used to detect and measure an accumulated dosage of radiation.

Enriched: Material (e.g. Uranium) in which the relative amount of one or more isotopes of a
constituent has been increased. e.g. Uranium in which the abundance of the U235 isotope is
increased above the naturally occurring amount of 0.71 percent.
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Exclusion zone: Defined in 10 CFR 100 as “that area surrounding the reactor in which the
reactor licensee has the authority to determine all activities, including exclusion or removal of
personnel and property from the area. This area may be transversed by a highway, railroad, or
waterway, provided that these are not so close to the facilty as to interfere with normal
operation of the facility and provided appropriate and effective arrangements are made to
control traffic on the highway, railroad, or waterway, in case of emergency, to protect the public
health and safety. Residence within the exclusion zone will normally be prohibited.”

Extraction: For the purpose of the production of molybdenum-99, extraction refers to the first
step performed in the chemical separation of the molybdenum-99 from the other fission
products which are produced during the irradiation of uranium-235. Additional chemical
separations are then performed to purify the molybdenum-99 product.

Fissile Classification: Classification of a package or shipment of fissile materials according to
the controls needed to provide nuclear criticality safety during transportation as follows:

Fissile Class I: Packages that may be transported in unlimited numbers and in any
arrangement and that require no nuclear criticality safety controls during transportation.
For purposes of nuclear criticality safety control, a transport index is not assigned to
Fissile Class | packages. However, the external radiation levels may require a transport
index number.

Fissile Class ll: Packages that may be transported in any arrangement but in numbers
that do not exceed a transport index of 50. For purposes of nuclear criticality safety
control, individual packages may have a transport index of not less than 0.1 and not
more than 10. However, the external radiation levels may require a high transport index
number but not to exceed 10. Such shipments require no nuclear criticality safety
control by the shipper during transportation.

Fissile Class lll: Shipments of packages that do not meet the requirements of Fissile
Class | and Il and that are controlled in transportation by special arrangements between
the shipper and the carrier to provide nuclear criticality safety.

Fission: The splitting of an atomic nucleus, resulting in the release of fission products,
neutrons, and energy.

Fission Products: Elements or compounds which result from the fission process.

Gamma radiation: Short wavelength electromagnetic radiation of nuclear origin with a range of
wave lengths from about 108 to 10™"" cm, emitted from the nucleus of an atom.

High Efficiency Particulate Air (HEPA) filter: Throw-away, extended pleated medium dry-
type filter with 1) a rigid casing enclosing the full depth of the pleats, 2) a minimum particle
removal efficiency of 99.97 percent for thermally generated monodisperse DOP smoke particles
with a diameter of 0.3 micrometer, and 3) a maximum pressure drop of 1.0 inch w.g. when
clean and operated at its rated airflow capacity.
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lonizing radiation: Any electromagnetic or particulate radiation capable of producing ions,
directly or indirectly, it its passage through matter.

Irradiation: Exposure to radiation; typically exposure to neutron radiation which might be
present near or within the core of a nuclear reactor.

Isotope: One of several nuclides having the same number of protons in their nuclei, and hence
having the same atomic number, but differing in the number of neutrons, and therefore in the
mass number(e.g. U235, U238). Almost identical chemical properties exist between isotopes of
a particular element.

Latent cancer fatality: The term Latent Cancer Fatality (LCF) refers to cancer that is induced
by the exposure to, or intake of, chemical or radioactive materials, but does not become evident
for many years after the exposure or intake has occurred.

Long lived radionuclide: In reference to the production of molybdenum-99, which has a half-
life of about 67 hours, the term long lived radionuclide refers to radionuclides with half-lives that
are greater than a few months.

Low-level waste: Low-level waste is defined as waste that contains radioactivity and is not
classified as high-level waste, transuranic waste, spent nuclear fuel, or material defined as
11e(2) by product material under the Atomic Energy Act.

Maximum exposed individual: A theoretical individual defined to allow dose or dosage
comparison with numerical criteria for the public. This individual is located at the point either on
or off the DOE site nearest to the facility in question.

Medical Isotope: The term medical isotope refers to radioactive isotopes that are used for the
purpose of medical treatment of diagnosis. These include technetium-99m, iodine-125, iodine-
131, xenon-133, and cobalt-60. These isotopes can be prepared into a variety of chemical
forms, depending on the specific medical need.

Mixed waste: Mixed waste consists of waste that contains both a radioactive component
regulated under the Atomic Energy Act and a hazardous component regulated by the EOA
Resource Conservation and Recovery Act.

Neutralize: To make chemically neutral, or to adjust the pH to approximately 7.
North American demand: Term used to define the total demand for medical radioisotopes for
the North American Continent (including the United States, Canada, and Mexico). As usually
used in this EA, this term defines the production requirement (approximately 16,400 curies from
the reactor) to satisfy 100 percent of the North American **MO demand in 1994.

Radiation: The emission and propagation of energy through space or through a material in the
form of waves; for instance the emission and propagation of electromagnetic waves.

Radioactive air emissions: Air effluent which contains a radioactive component.

Radioisotope: A radioactive isotope.
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Radiological impact: The term radiological impact refers to impacts on human health due to
exposure to, or intake of, radioactive materials. These impacts are typically described as
damage to organs or the induction of cancer.

Radiopharmaceuticals: The term radiopharmaceuticals is used to describe products that
include radioactive materials and are prepared, produced, or packaged by the pharmaceutical
industry for use in nuclear medicine. Typically, radiopharmaceuticals include one or more of
the medical isotopes as the radioactive material.

Reactor: An apparatus in which nuclear fission may be sustained in a self supporting chain
reaction. It includes fissionable material, such as uranium, and moderating material, such as
graphite or water, provision for heat removal, and control elements.

Shielding: Material used to prevent or reduce the passage of particles or radiation. it may be
required for the safety of personnel or to reduce radiation sufficiently to allow use of counting
instruments.

Short lived radionuclide: In reference to the production of molybdenum-99, which has a half-
life of about 67 hours, the term short lived radionuclide refers to radionuclides with half-lives
that are less than a few days.

Special Nuclear Materials (SNM): Plutonium, uranium-233, uranium enriched in uranium-233
or in the uranium-235, or any material artificially enriched in any of the foregoing (but does not
include source material) and any other material that, pursuant to the provisions of Section 51 of
the Atomic Energy Act of 1954, as amended, has been determined to be special nuclear
material.

Spent nuclear fuel: fuel that has been withdrawn from a nuclear power reactor following
irradiation, the constituent elements of which have not been separated by reprocessing.

Steel confinement box (SCB): For the purpose of molybdenum-99 production, a steel
confinement box (SCB) is a box consisting of shielding used to protect personnel outside the
box from exposure to radioactivity, manipulators for working inside the box remotely (without
handling the materials directly), and a ventilation system that filters all air exhausted from the
box. SCBs are located in the Hot Cell Facility.

Target: Cylindrical sealed elements irradiated in the ACRR core for the purpose of generating
radioisotopes either from fission or absorption. Fission targets contain enriched uranium plated
on the inner cylinder wall for the purpose of generating numerous radioisotopes from fission of
25U (e.g., Mo, ™', "*Xe). Absorption targets contain isotopes by which neutron absorption
produces the desired radioisotope (e.g., 2°l).
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Transport index (TI): means the dimensionless number (rounded up to the first decimal place)
placed on the label of a package to designate the degree of control to be exercised by the
carrier during transportation. The transport index is determined as follows: (1) The number
expressing the maximum radiation level in millirem per hour at one meter (3.3 feet) from the
external surface of the package; or (2) for Fissile Class |l packages or packages in a Fissile
Class lll shipment, the number expressing the maximum radiation level at one meter (3.3 feet)
from the external surface of the package, or the number obtained by dividing 50 by the
allowable number of packages which may be transported together, whichever is larger.

Toxicological impact: The term toxicological impact refers to impacts on human health due to
exposure to, or intake of, chemical materials. These impacts are typically described in terms of
the damage to organs or the induction of cancer.

Uranium, U235: U235 is an isotope of uranium with an atomic weight of 235. This atomic
weight includes 92 protons and 143 neutrons.

*Mo: Molybdenum 99, the isotope of molybdenum with mass number 99, which contains 42
protons and 57 neutrons.

1251, |odine 125, the isotope of iodine with mass number 125, which contains 53 protons and 72
neutrons.

1311, |odine 131, the isotope of iodine with mass number 131, which contains 53 protons and 78
neutrons.

133ya: Xenon 133, the isotope of Xenon with a mass number 133, which contains 54 protons
and 79 neutrons.
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APPENDIXA .
DESCRIPTION OF MEDICAL
ISOTOPE PRODUCTION AND DISTRIBUTION PROCESSES

The following section provides a detailed description of the isotope production process
discussed in the Proposed Action. The descriptions in this section are based on the production
and extraction process used by Centichem to produce **Mo in the late 1980s, and the
distribution process currently used by Nordion to provide the North American supply of *Mo.

A.1 Target Fabrication

In full production mode, up to 40 targets, each containing a maximum of 25 g ***U, would be
produced each week, 50 weeks per year. Maximum expected reactor needs annually would be
2,080 targets containing up to 50 kg (116 Ib) U . This activity would continue for the
foreseeable future.

Powdered U,O, obtained from Los Alamos National Laboratory (LANL) inventories and
enriched to 93 percent ?*U, is regularly stored in double sealed canisters in the Chemistry
Metallurgical Research (CMR) vault. A canister would be carried into the target fabrication area
and introduced into the glove box containing the dissolution tank. **U,0, would be dissolved in
concentrated nitric acid (HNO;) (about 250 g in 50 liters concentrated HNO; ). The solution
would be neutralized by adding ammonium oxalate and formic acid. The solution would be
transferred by the wet vacuum system to the electroplating tanks.

A target tube would be connected to a direct current source as the cathode. A graphite rod,
centered inside the tube, would act as the anode. The tube would be placed in the ?*°U solution
which would be pumped through the tube. The current would be about 12 amps at low direct
current (DC) voltage. The electroplating apparatus would operate at 91° Celsius (C) (196°
Fahrenheit [F]), regulated by hot water flowing through the external jackets on the outsides of
the tubes. The electroplating process would continue for 12 to 15 hours, to deposit up to 25 g
of **U oxide inside each target. Some tubes may be electroplated with less than 25 g %°U.

In an exhaustive quality assurance/quality control program, targets would be checked for
quantity, integrity, and uniformity of plating. Each tube would be tested for ability to withstand
thermal stresses of a reactor by heating it to about 500 °C (930 °F). In the pyrolyzing and
welding glove box, the top and bottom caps would be welded in place. The welds would be
checked visually and then leak tested in a hypobaric chamber. Any tube with a detectable leak
would be rejected.

Tubes would be moved to the assay and quality assurance station for final verification of
uranium weight, tube dimensions, identification, etc. Again, any tube which did not meet
specifications would be rejected. Tubes that met specifications would be placed in the CMR
vault pending shipment. Up to 1,000 targets for each reactor could be accumulated at any
time, in order to provide for fluctuations in demand and transportation schedules. At any time
the vault might contain 53 kg (116 Ib) of ®°U electroplated in targets.
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A.1.1 Waste Management

The target fabrication activities would not require expansion of existing waste management or
disposal facilities at LANL, nor construction of new facilities.

The spent electroplating solution would be passed through an ion exchange column to remove
remaining uranium, after which it would contain trace quantities of #°U, below the economic
discard limit. The neutralized solution would be put into the radioactive liquid waste line which
connects to the Radioactive Liquid Waste Treatment Facility (RLWTF) at TA-50. Alternatively,
the solution could be pumped to interim liquid waste storage tanks behind CMR and rerouted to
RLWTF later. Waste water volume would not exceed 100,000 liters (26,000 galions) annually.

The ion exchange resin and rejected tubes would be sent to the Uranium Processing Group in
Wing 4 of CMR where residual uranium could be reclaimed for reuse in the target fabrication
process. This reclamation process is an ongoing operation; no change would be expected.

During normal operations, target fabrication processes would produce no radioactive air
emissions. The only emissions would be inert gases from the glove boxes, a small volume of
hydrogen from chemical reactions, and small volumes of welding gases which are not regulated
by the New Mexico Environment Division (NMED) (NMEIB, 1988). The hydrogen would be
diluted in the glove box air stream to below the lower explosive limit.

Some solid low level radioactive waste (LLW), mainly gloves and laboratory apparatus, would
be produced annually, estimated at about 5 m® (175 ft%).

No hazardous waste and no mixed waste would be produced.

A.1.2 Staging Tubes for Transportation

Finished tubes would be accumulated in the CMR vault pending shipment. Up to 1,000 targets
for each reactor could be held before shipment. The shipment schedule would be developed
later. The vault inventory of ***U would be about constant as uranium would be stored in the
vault as **U,O,, then plated in targets, and returned to the vault pending shipment.

A.1.3 Waste Minimization

Waste minimization would be implemented to the extent consistent with good and safe
laboratory practices. Uranium from the ion exchange resin and rejected targets would be
reclaimed for reuse as stated.

Uncontaminated wastes from construction and other activities would be collected by Johnson
Controls World Services (JCI), the contractor who manages LANL’s uncontaminated waste.
The LANL/JCI team has such a strong waste minimization program that in 1993 JCI received
DOE's award for redirecting waste to salvage and reuse.

A.1.4 Criticality Safety and Hazard Category
No more than 800 g (1.8 Ib) of **U would be placed in any glove box at a time for reasons of

criticality safety. A maximum of 6 kg (2.7 Ib) **U would be permitted in the target fabrication
area, consistent with Category Il limits.
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A.2 ACRR Operations

Calculations indicate that for a 129 fuel element core configuration, 19 to 37 targets irradiated
in the central region of the core with the cavity liner removed would provide the North American
demand for %Mo. This is a relatively minor modification to the core configuration. With the 19
target configuration as the baseline, the average target power would be 21.1 kW and the core
power 1.92 MW. A sufficient amount of margin and flexibility exists in the core to allow for a
high degree of confidence that the North American demand can be met. The actual target fuel
configuration to be employed depends on the production goal (fraction of North American
demand) at any given time. However, the target/core configurations chosen are robust enough
to cover the possibilities for 20% to 100% and greater shares of the North American market.

Since the ACRR is an open pool reactor, targets as well as fuel elements are readily
accessible. They can be transferred underwater with minimum down time and transfer time (a
few minutes per target or fuel element) to the GIF pool for loading to a transfer cask for on-site
movement to the HCF. After removal of an irradiated target from the core, it would be
transferred via the pass-thru ports to a rack in the GIF pool, or into the cask. The cask would
be removed from the pool, surveyed for exposure and contamination, and would be moved
using a transfer vehicle.

The activity of a target following a 7 day 21 kW irradiation would be 20,000 Ci. Although this is
very high activity, the isotopes are mostly short lived. Three meters (~10 feet) of water reduces
the radiation level from a target to ~20 millirem/hour (mrem/hr) at the surface. The dose rate
one meter (~3 feet) from the centerline of a cask with 20 cm (7.87 inches) of depleted uranium
as the shield is ~0.2 mrem/hr.

A.3 Transfer to HCF

This section describes the transfer of the target from the reactor facility to the hot cell facility.
Operational requirements are based upon operation of the target elements at 21 kW for 7 days
prior to their removal from the core. Since the targets must be processed soon after removal
from the ACRR, they are very active and must be shielded from operational personnel during
target movement. That shielding is provided by the pool water initially, then by the transfer
cask, and finally by the shielding walls of Zone 2A within the HCF.

n ion ifi

The targets, having been irradiated within the reactor at a power level of about 21 kW for one
week, would be removed only upon shutdown of the reactor. The total time between reactor
shutdown for target extraction and shipment of the pharmaceutical product is anticipated to be
between 6 and 12 hours, which accounts for both processing time and any target decay
necessary before processing is initiated.

After shutdown, a transport cask would be lowered into the GIF pool, opened, and readied for
receipt of the target. It is anticipated that the operational time to place and prepare the cask
within the GIF pool would be approximately 30 minutes. At that time, the fission product activity
would result in 100 watts beta activity and 90 watts gamma activity, sufficiently low to prevent
heat generated optical distortion within the pool. The targets would then be moved from the
reactor, transferred to the GIF pool through the fuel handling ports, and placed immediately
within the transport cask. For each target removed, a new target would be inserted in the
reactor.
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After loading the transport cask with the required number of targets, the cask would be closed
and removed from the GIF pool. A drain hose would be attached to the cask and the system
purged of the majority of GIF pool water, and the system would be checked for bulk leak-
tightness.

The hot cell crew would move the cask to the hot cell utilizing a manned transporter. The
transporter would exit the reactor facility through an air lock, which would permit the continued
operation of the reactor, and proceed down the ramp of the HCF. The transporter wouid enter
the HCF through the rollup door at the west end of the HCF, then proceed to the HCF

transporter airlock. Once through the airiock, the manned transporter would move the transport
cask to the shielded region of Zone 2A.

The cask is then opened and one or more targets transferred to dedicated processing boxes
designed to conduct the initial isotope extraction from the bulk fission products. If parallel
processing lines are operated, targets are moved from the cask to an additional processing box.
Once emptied of the targets, the transfer cask is removed from Zone 2A, inserted into its
overpack, and returned to the reactor facility to await the next movement of targets.

Manned Transporter Specifications

The targets would be moved between the Reactor Facility and Hot Cell Facility within Technical
Area V by utilizing either the HCF forklift, the Reactor Facility forklift or a modified forklift
transporter. These forklifts are similar in design and have a lifting capacity of 10000 Ib. Either
of these forklifts would be adequate for the job, and designation of primary and secondary units
would be completed before routine production is undertaken.

The movement of targets from Reactor Facility to HCF is anticipated to be conducted up to
three times per day, five days of the week, 52 weeks of the year. The number of targets
transported would depend upon the DOE requested production rate, but should be bounded
between one and eight targets.

A.4 Isotope Extraction at HCF

The extraction process for 9Mo is a combined chemical/distillation process in which the noble
gases and iodine are condensed from the target fill gas; the fuel and fission products are
dissolved from the inside of the target; chemicals are added to maintain specific fission
products in solution; the molybdenum is precipitated, filtered, and cleansed; and finally the
precipitated molybdenum is re-dissolved for shipment to the necessary pharmaceutical
companies. The extraction process is anticipated to provide necessary radioisotopes of xenon,
iodine, and molybdenum.

Each target would yield 600 curies of **Mo, 200 curies of *'I and 600 curies of '**Xe one day
after discharge from the reactor. One-half liter of neutralized process liquid is generated per
target. This liquid is solidified, allowed to decay, and then shipped to an approved low-level
waste site. Although shipments to the disposal site could be made as soon as six months after
generation, sufficient storage exist within the HCF to aliow up to one years storage at the 200%
North American demand level before waste disposal must be initiated.
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The chemical recovery of Mo from the targets proceeds only after a minimum decay period
(one to six hours) after removal from the reactor. The processing takes place in sealed hot
cells which have fixtures to facilitate remote handling. After the decay period, the gaseous
fission products are removed by condensation into a trap. Next, an acid cocktail (H2SO4 and
HNO3) is used to dissolve the uranium target and fission products (see Figures A-1 through
A-5). The dissolution is aided by heating. Gases that are evolved during the dissolution are
removed by a second trap/condensation step. The targets are then drained and rinsed of the
uranium/fission product solution. Several small additions (Nal, AgNO3, and HCI) are then
made to the raw fission products to precipitate iodine. Following the iodine precipitation, a
molybdenum carrier solution is added to the uranium fission product solution. This is followed
by the addition of an oxidizing agent (KMnOg4). After the desired oxidation states of the species
in solution are reached, carriers are added for rhodium and ruthenium and the molybdenum is
selectively precipitated by the addition of benzoin-a-oxime. The precipitate is then separated
from the solution by filtration. Muitiple acid rinse steps and filtrations are used to insure
maximum molybdenum recovery. At this point in the process, the filtrate is set aside for
neutralization and then is processed as waste.

The recovered molybdenum is then subjected to several purification steps. First the filtercake is
repeatedly washed with an acid solution (H2SO4). The precipitated iodine is still present at this
point of the process. The molybdenum precipitate is then dissolved by adding a base solution
(NaOH) containing an oxidizing agent (H202) and heating. This process also returns the iodine
to solution. The dissolution step is repeated twice and the resulting solutions are collected in a
single vessel along with a rinse solution. The activity of the collected solution is measured at
this point to verify that the molybdenum is present. The solution is then purified by passing it
through a column (silver supported on charcoal) to adsorb impurities. This step removes iodine
and other impurities which color the solution. After rinsing the column, the resulting clear,
colorless solution is monitored for activity to verify that the molybdenum was not retained on the
column. Next, another iodine precipitation is performed on the solution. The solution is then
filtered through a second column containing three separate purifying agents (silver on charcoal,
hydrated zirconium oxide, and actlvated carbon). The resulting final product solution is passed
through a 0.2 micron (um) (~8 x 10°® inch) filter into the final product bottle. The activity of the
product is measured and samples are submitted for assay and quality control. Quality control
tests that are performed include %Mo concentration, a-contamination, and radionuclidic purity.
Batches that fail to meet purity specifications may be reprocessed/purified as necessary.
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Figure A-1. Cintichem Process Stage 1: Fission Product Dissolution
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Figure A-2. Cintichem Process Stage 2: Precipitation Preparation
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Figure A-3. Cintichem Process Stage 3: Moly Precipitation
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Figure A-4. Cintichem Process Stage 4. Moly Cleanup
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Figure A-5. Cintichem Process Stage 5: Moly Preparation for Shipment
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Product QC

Product quality contro! (QC) would be performed within RM 112 of the HCF. This room is within
Zone 2 of the HCF, and its use would prevent having to take high activity molybdenum from the
HCF. The QC process involves the extraction of a 1 - 2 microliter sample from the 10 cubic cm
(cc) vial of product. This sample would contain approximately 100 millicuries of %Mo that would
be further diluted to prevent excessive dead-time within the gamma-spectroscopy equipment.
By examining the gamma signatures of the sample, the isotopic content of the original vial can
be determined, permitting the generation of a material survey sheet that would go along with
the shipment to the respective pharmaceutical company.

Detailed Product Preparation For Shipping Procedures

The molybdenum is subdivided or accumulated into quantities that are permissible to be
shipped within the 20WC containers. These shipments would then be put into a 10 cc vial,
which would be overpacked by a impact mitigator, then packed within a 6R container that is the
innermost container identified in the 20WC shipping package. The 6R container would be leak-
tested to certify its leak-rate, and when found acceptable, the container would be further
packaged within the depleted uranium shield cask and then the 20 gallon overpack for shipment
from the facility. All leak testing and packaging would be conducted within Zone 2 of the HCF.
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lodine-125 would be produced by one of two alternate methods. In either method a sealed
container is filled with several grams of xenon gas, enriched in xenon-124, and is placed in a
reactor irradiation location where it is irradiated for several hours producing xenon-125 (17.5
hour haif-life). Following irradiation, the gas is removed from the reactor core region and the
activation products are allowed to decay for up to 6 days. Following the decay period, the gas
is placed in a shielded glove box where the iodine, rich in iodine-125, is extracted from the
target gas. The xenon gas is retained in a storage vessel for subsequent transfer to the
irradiation container for further irradiation. It is anticipated that approximately 100 such
production runs would be made each year, resulting in the production of approximately 750
curies of iodine-125 per year.

The two methods differ only in the manner in which the gas is transferred to the reactor
irradiation location. In the “batch” or “drop-in” method, the irradiation container is filled external
to the reactor and remotely placed in the reactor irradiation location. After irradiation, the
irradiation container is remotely moved from the irradiation location to the GIF pool for decay.
After the appropriate decay period, the irradiation container is moved to a Hot Cell Facility, a
controlled ventilated and filtered glove box where the iodine is extracted and the target gas is
stored or returned to the irradiation container for subsequent irradiation.

The “in-pile loop (IPL) method,” similar to the method used by Cintichem, employs an irradiation
container which is semi-permanently installed in a reactor irradiation location. The irradiation
container is filled by cryogenically pumping the target gas from a filtered and ventilated glove
box in the reactor room to the container through connecting tubing. After irradiation, the target
gas is cryogenically pumped from the irradiation to a decay storage container in the reactor
room glove box where it is allowed to decay and is subsequently processed as described
above. Eventually, the target gas is pumped back to the irradiation container for further
irradiation.

The iodine is separated from the xenon by passing the target gas through an iodine trap such
as an alumina chromatography column. The iodine is either 1) eluted from the column with
ammonium hydroxide with ammonium iodide in a weak solution of ammonium hydroxide as the
product or 2) collected by heating the column and passing the out-gas through a sodium
hydroxide wetted glass bed, giving sodium iodide in a weak solution of sodium hydroxide as a
product.

A.5 Product Shipment

%Mo decays ~1% per hour after its removal from the reactor. Therefore, shipping the product
must be expedited to prevent needless loss of the product by decay. It is presumed that the
shipping and delivery times would be equal or greater than the processing time to prepare the
product. Nordion, which is the only company presently shipping bulk ®*Mo, performs this task
by a combination of commercial and chartered air flights using Syracuse, NY as the U.S. hub.
The following SNL product shipment plans assume commercial and chartered air flights
originating at Albuquerque International Airport and distributing product to all of the major U.S.
radio-pharmaceutical companies. Every attempt would be made to assure that fresh product is
at the customer’s receiving stations when they are ready to perform their final processing
procedures. This is assumed to be overnight shipment and morning delivery to mesh with
most of the customer schedules.
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%Mo is expected to be shipped on a daily basis to one of five different locations. The locations
would be at the four corners of the country: NE, SE, NW, and SW, and to the mid-west. This
shipping regime would comprise five to six shipments per week dependent on whether product
shipment is made to two NE locations. The initial specific locations corresponding with the
radiopharmeceutical companies are as follows:

e Dupont-Merck (Boston, MA)
e Amersham Mediphysics (Chicago, IL)
e Mallinckrodt (St. Louis, MO)

The *Mo would be packaged in accident resistant Type B packaging. Air express class of
shipments are envisioned with direct routing, if possible, to the customer-city. Passenger
carrying aircraft could not be used since the transport index of the *®Mo exceeds that allowed
on passenger aircraft. If a stop is required, the shortest time of routing from Albuquerque to the
customer-city is preferable. Product movement from Technical Area V to the airport is still
under study. The preferred routing is directly from the Technical Area V to the airport transfer
point using Kirtland Air Force Base access roads and avoiding off-base routing.

Sample Transport to Customer

Medical house customers would typically require sample quantities of isotope products to judge
quality and other factors prior to commitment to purchase the product. Since potential
customers have not been queried on their requirements, the sample could be some small
fraction of a production lot to a quantity equivalent to a iot. The CI-20WC-2 package could be
used to transport material in the latter case. For the former case it may be appropriate to select
a sample container to transport small quantities of product for customer testing. Since customer
sample requirements are not yet known, selection and availability of specific sample packages
have not been determined.

A.6 Waste Management

The proposed Medical Isotope Production Program at SNL/NM would produce trash, chemical
waste, wastewater, and radioactive wastes. The anticipated waste streams are:

o Trash, Chemical Waste, and Wastewater
Office and laboratory trash
Chemical waste
Wastewater

o low-Level Radioactive Wastes
Personal protective equipment (PPE) and contaminated equipment
%Mo extraction process wastes
lon-exchange resins
Wastewater

o Spent Nuclear Fuel
Spent ACRR fuel elements

o Mixed Waste
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These waste streams and the processes that would be used to manage and dispose of these
waste streams are discussed in the subsections that follow.

A.6.1 Trash, Chemical Waste, and Wastewater

The proposed program would generate office trash, lab trash, and some chemical waste from
research and development activities or from expired, contaminated, or otherwise unusable
chemicals. These trash and chemical wastes would be handled through the established waste
management processes at Sandia in accordance with all applicable Federal, State, local, DOE,
and Sandia requirements.

The total yearly consumption and disposal of chemicals is anticipated to be about 300 liters of
chemical liquids and about 5 Kg of chemical solids. Table A-1 provides a breakdown of the
estimated amount of chemicals that would be used each year assuming that SNL produces 200
percent of the current North American demand for **Mo. However, it is anticipated that Sandia
would initially produce 20 percent to 30 percent of the North American level of demand for

%Mo. Sandia would increase production only in response to events such as a loss of Mo
supply from the current producer or a significant increase in demand for **Mo or other
radioisotopes.

The chemicals listed in Table A-1 would be constituents in the low-level radioactive waste
stream when used in the process to extract **Mo: otherwise, any batches of these chemicals
that are declared to be waste for reasons such as contamination or expiration and are not
contaminated with radioactive material would be disposed of as chemical waste.

Wastewater would be generated as a result of the proposed program. Office, lavatory, other
existing facilities, and new facility modifications that could not discharge radioactive water under
normal circumstances connect directly to the local sewer system, which connects to the City of
Albuquerque sewer system.

Water systems and drains that could receive water contaminated with radioactive materials are
connected to a recently installed system of monitored hold-up tanks. This system is called the
Liquid Effluent Control System (LECS). This system consists of three tanks with a capacity of
5,000 gallons each. Any water that drains into the LECS must be monitored to ensure that
radioactive materials in the water, if any, are below the levels allowed by State, local, DOE, and
other applicable laws and regulations. If the water is found to exceed these limits, a cleanup
system is provided to remove the contamination prior to release to the sewer system.

A.6.2 Low-Level Radioactive Waste

The low-level radioactive wastes that could be generated include: 1) personal protective
equipment (PPE), e.g., respirators, gloves, shoe covers, overalls, etc.; 2) wastes resulting from
the extraction of radioisotopes; 3) expendable or unserviceable contaminated equipment, e.g.,
wipes, cloths, charcoal filters, HEPA filters, broken equipment, etc., 4) expended ion-exchange
resins, and 4) radioactive wastewater. These low-level radioactive waste streams and the
processes that would be used to manage and dispose of these waste streams are discussed in
the subsections that follow.
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SNL/NM generates approximately 2500 cubic feet of uncompacted LLW each year. Currently.
the SNL ACRR and HCF generate about 35 percent (860 cubic feet, uncompacted) of this

Table A-1. Approximate Yearly Process Chemical Usage

Chemical Identification Yearly Consumption
Sulfuric acid, 2N 240 liters
Sulfuric acid, 0.1N 72 liters
Hydrochloric acid, reagent grade 2.4 liters
Nitric acid, reagent grade 12 liters
Sodium hydroxide, 0.2N 48 liters
Sodium iodide 240 grams
Silver Nitrate 1200 grams
Bezoin-a-oxime 4800 grams
Molybdenum trioxide 48 grams
Potassium permanganate 200 grams
Rhodium trichloride 48 grams
Potassium hexachlororuthenate 48 grams
Hydrogen peroxide 4.8 liters
Calcium oxide 24 liters
Calcium sulfate "drierite" 72 liters
Molecular sieve type 13X 72 liters

LLW. (Seylar, 1994) When compacted, this waste would fill about thirty-nine 55-gallon drums.
Much of this LLW is PPE and wipes with the remainder consisting of discarded items that are
contaminated with radioactive materials. This waste is packaged in a form acceptable for
disposal at a designated LLW disposal site.

Currently, LLW from SNL/NM is designated for disposal at the Nevada Test Site (NTS). An
application has been submitted to dispose of SNL/NM LLW from current activities at NTS. The
LLW from the proposed program is not included on the current application. The current
application is still in the approval process; hence, to date no LLW from existing SNL/NM
activities has been shipped to NTS. If the proposed program is conducted and NTS is
designated as the disposal site for the resulting LLW, the NTS application would be amended to
include the new LLW stream. If another disposal site is designated for the LLW from the
program then an application would be submitted to the selected disposal site. The other sites
that are considered to be viable alternatives include the DOE Hanford site near Richland,

Washington and a commercial facility operated by US Ecology which is also located on the
Hanford site.

A.6.2.1 PPE and Contaminated Equipment
The PPE wastes would be generated continuously as a part of daily operations. PPE, such as
respirators, gloves, shoe covers and overalls, is worn by facility personnel to protect against

hazards and to minimize the spread of radioactive contamination from a contaminated area to a
non-contaminated area.
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Contaminated equipment such as charcoal filters and HEPA filters would be changed out as a
part of a regular maintenance program. Some of this equipment would become contaminated
with radioactive particles or substances and would be disposed of as low-level radioactive
waste. Also, any malfunctioning facility equipment that is contaminated and cannot be repaired
or sufficiently cleaned would be appropriately packaged and disposed of as low-level waste.

The production rate of PPE and contaminated equipment for the proposed program is
estimated to be less than 2500 cubic feet of uncompacted LLW per year. Waste minimization
efforts, such as using laundered PPE rather than disposable PPE, would be evaluated as
options to reduce the amount of waste generated.

A.6.2.2 **Mo Extraction Process Wastes

The wastes that would be generated in the isotope extraction process would account for the
majority of the low-level radioactive waste volume generated by the proposed program. The
extraction of isotopes from irradiated targets involves a number of wet chemical processes.
These production activity chemical processes are “bench-top” type processes that are
conducted using small (< 500 ml) laboratory equipment of various forms, typically glassware.
The extraction process that would be used by Sandia was developed by a U.S. company and is
closely regulated by the U.S. Food and Drug Administration (FDA). Since the isotopes that
would be produced are used as radiopharmaceuticals for eventual human use, the extraction
process is closely controlled and monitored for contamination by chemical remnants and
unwanted radioisotopes. Hence, all equipment such as glass flasks, tubing, etc. would be
replaced after a single use to prevent possible contamination of future batches. This equipment
would be placed in small containers about the size of a one gallon paint can which, when full,
would be placed in a waste container that has a volume of about 7.4 cubic feet (55 gallons).

The acidic liquid process solutions that remain after the radioisotopes are extracted contain
uranium and radioactive elements called fission products. These liquid solutions would be
neutralized to make the solution essentially non-acidic and then solidified with an agent such as
portland cement and placed in a waste container. The uranium would not be recovered from
the solution nor from the solidified waste because it is not economic nor is it feasible to recover
it at other DOE recovery facilities.

The waste container that would be used during storage and eventual disposal for this solidified
process waste would have a volume of about 7.4 cubic feet (55 gallons). The radioactive
process equipment discussed above and the solidified process waste may be placed together
in the same container or may be placed in separate containers based on operational and
disposal considerations.

Once full, the waste containers would be stored in a shielded area(s). The solidified process
waste would be stored on site for approximately 6 to 12 months at which time the radioactivity
of the waste would have been reduced significantly as shown in Figure A-6. It is anticipated
that the process hardware waste would have a lower level of radioactivity and could be
transported to the selected waste disposal site at any time after final packaging.

The proposed program would generate between 24 and 160 containers (similar in size to a
standard 55 gallon drum) of low-level waste from the isotope extraction processes each year.
This estimate includes both the process hardware and solidified process waste. At the earliest
time that these waste containers would be shipped to the disposal site (about 6 months) they
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would contain about 1500 curies of radioactive waste. Fission products would be responsible

for 95% of the activity level. The remaining activity is mostly from the activation of the stainless
steel target shell.

Figure A-6. Estimated Extraction Process Waste Container Activity Level
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Table A-2 identifies most of the waste materials and quantities that are known to be included in
the extraction process waste stream. After storage, the extraction process waste would be
transported to the designated DOE low-level waste disposal site.

2/7/95

Table A-2. Isotope Extraction Process Waste Estimates

Waste Constituent Mass/T arget (lb) Mass/Container (ib)

Copper 3.15 4410
Stainless Steel 3.05 42.70
Brass 0.04 0.56

Tin 0.64 8.96

Aluminum Trace Trace
Uranium 0.06 0.84

Glass 6.12 85.68

Plastic 0.85 11.90

Dry Chemicals 0.95 13.30
Liquid Chemicals and Water 0.82 11.48
Solidifying;fgent 5.35 74.90
Total Mass 21.03 294 42

Total Curies (@ 6 months) 104 1456
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Past assessments indicate that the wastes produced in the extraction process would not
generate “radioactive mixed wastes” which means that the radioactive waste would not contain
nor be mixed with waste that is considered hazardous according to the Resource Conservation
and Recovery Act (RCRA).

A.6.2.3 lon Exchange Resins

lon exchange systems provide an effective method of removing impurities and many radioactive
contaminants from water systems. Currently the ACRR pool, the GIF pool, and the LECS
system have water cleanup systems that use ion exchange resins to remove and control
impurities in the waters contained within these systems. In the ACRR and GIF pools the ion
exchange systems are used to continuously remove impurities as water is circulated through
the cleanup system. The LECS cleanup system would be used only as necessary to reduce
wastewater radioactivity to applicable limits. To date the LECS system has not been needed as
no water in the LECS tanks has approached applicable regulatory limits. Hence, the resins in
the LECS ion exchange system have never been replaced.

As a part of routine maintenance these resins are changed when the capacity of the resins to
remove impurities has diminished. The replacement rate of the resins from the ACRR and GIF
cleanup systems is dependent primarily upon the total number of ions exchanged. After use,
these resins are typically contaminated with radioactive materials; hence, they must be
disposed of as low-level radioactive waste.

Currently the ACRR ion exchange resins are replaced about once per year. Each replacement
cycle generates about 10 cubic feet of used resins. It is anticipated that the proposed program
may result in the need to replace the resins more often. This would increase the amount of
resins used by the ACRR cleanup system. The total volume of waste resins from the ACRR
cleanup system is not expected to exceed 20 cubic feet per year.

The GIF ion exchange resins are replaced about 6 to 8 times each year. Each replacement
cycle generates about 2.5 cubic feet of used resins. Again, it is anticipated that the proposed
program may result in the need to replace the resins more often. This would increase the
amount of resins used by the GIF cleanup system. The total volume of waste resins from the
GIF cleanup system is not expected to exceed 40 cubic feet per year.

The LECS ion exchange resins have not been used to date; hence, the resins have never been
replaced. Each replacement cycle would generate about 14 cubic feet of used resins. The
replacement rate for the LECS has no baseline established from past operations; however, the
proposed program should not increase the replacement rate expected under the no action
alternative.

The proposed program may require the installation of a small decontamination station inside the
Hot Cell Facility to remove surface decontamination from facility equipment and waste
containers prior to reuse or disposal. If this system uses water solutions to decontaminate the
equipment, then a water cleanup system using ion exchange resins could be provided for this
system. This system would likely be smaller than the systems discussed above for the ACRR,
GIF, and LECS systems.
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A.6.2.4 Wastewater

Radioactive wastewater could be generated in the proposed program. This water could come
from sources such as water contained in the spent ion exchange resins when they are removed
from service and potentially from the storage pools and the decontamination station. This
wastewater would not be discharged to the City of Albuquerque sewer system unless it is within
the established regulatory limits. When possible any wastewater generated would be
decontaminated and reused. If wastewater is not reused it could be decontaminated and
discharged or solidified and disposed as low-level waste.

A.6.3 Spent Nuclear Fuel

The Annular Core Research Reactor (ACRR) would be used in the proposed program to
produce Mo and the other radioisotopes as discussed elsewhere in this report. The ACRR
fissions or “burns” uranium which is enriched to contain a higher concentration of 2°°U than that
which occurs naturally. This uranium fuel in the ACRR is contained within cylindrical shaped
assemblies called fuel elements. These assemblies are approximately 29 inches long and 1.5
inches in diameter. Reactor fuel elements have a limited amount of energy that can be
extracted before they must be replaced. The fuel elements that are removed because they
need to be replaced or are no longer needed are typically called “spent nuclear fuel.”

The current ACRR core has 236 fuel elements that are approximately 29 inches long and 1.5
inches in diameter. These fuel elements are of a specialized design that can be used for both
steady-state and pulsed operation. The proposed isotope production program does not need
the pulsed-mode operational capability; therefore, a replacement fuel element design suitable
for steady-state operation would be used. Current plans call for the removal and storage of the
current fuel elements so that they would still be usable for pulsed-mode operation.
Maintenance of the pulsed-mode testing capability is part of the change-of-mission agreement
that allows the ACRR to be used for the production of medical isotopes. It is estimated that the
current core of fuel elements could be used for one to five years and still be useable for pulsed-
mode operation; the fuel element lifetime depends primarily on the amount of %Mo that required
to be produced by the reactor.

The ACRR is designed so that it can be operated with a number of different fuel configurations
and various numbers of fuel elements. For the proposed program the ACRR core would have
between 130 and 180 fuel elements. Current estimates indicate that the current core would be
replaced somewhere between the years 1997 and 2001. The replacement core would be
expected to be usable for at least six years while producing 200 percent of the current North
American demand for **Mo and possibly as long as 24 years if the ®*Mo production does not
exceed 30% of the current demand. Hence, for a total production life of 30 years, the proposed
program would use between two and five complete core loadings consisting of 150 to 200 fuel
elements. Table A-3 presents the range of the number of spent fuel elements that would be
generated relative to the number of elements that would result from the no action alternative.

Table A-3. Spent Fuel Generation Estimates

No Action Alternative Proposed Minimum Proposed Maximum
Increment to No Action Increment to No Action
431 spent elements 200 spent elements 900 elements
(2 cores @ 130 elements) (5 cores @ 180 elements)
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When removed from service, the spent nuclear fuel would be moved to the Gamma Irradiation
Facility (GIF) pool for storage. The spent fuel would be kept in the GIF pool until it is either
disposed of or placed in dry storage.

If dry storage is necessary, the spent fuel would be removed from the pool and placed in
specially designed containers called “storage casks” or “dry storage casks.” These casks would
reside in a storage facility, likely in Area V, and monitored to verify the integrity of the spent fuel
and the casks. The fuel would be kept in the dry storage casks until it could be transported to a
disposal site. At this time all potential DOE disposal facilities are in the design or evaluation
stage and are not yet open for shipments of spent nuclear fuel.

Sandia does not currently have a dry storage facility for spent nuclear fuel. A dry storage
facility may need to be developed for the proposed program. This facility development could
involve the modification of existing buildings or the construction of a new building or facility.
The dry storage facility would be relatively small since it is anticipated that less than 900
additional spent fuel elements would be generated and stored on site during the duration of the
proposed program. The first new core of spent nuclear fuel is not expected to be generated
until the year 2003. In addition, since spent fuel would probably not be placed in dry storage
until the replacement of the second new core, a dry fuel storage capability may not be
necessary until at least the year 2009 and possibly as late as 2027.

A.6.4 Mixed Waste

Mixed waste is waste that contains a mixture of both radioactive and hazardous wastes. This
waste must be treated prior to disposal to reduce the hazardous portion of the waste consistent
with the Resource Conservation and Recovery Act (RCRA). For the proposed program, the
treated mixed waste would eventually be disposed of at a mixed waste disposal facility along
with the mixed waste from other DOE programs in accordance with ongoing mixed waste
disposal site assessment and development activities.

While no mixed wastes would be generated as a primary waste stream from the irradiation and
extraction processes, it is likely that mixed wastes would be generated as a result of the
operation of the ACRR and Hot Cell Facility operations. The mixed wastes that may be
generated include hazardous wastes such as absorbent wipes, batteries, spent solvents,
solvent rags, vacuum pumps, electronics containing heavy metals, lubricants, etc. that become
contaminated with radioactive materials.

Mixed wastes generated at SNL/NM are subject to RCRA including the amendments
implemented by the Federal Facility Compliance Act (FFCA) of 1992. Under these regulations
the DOE is required to develop site treatment plans (STPs) that describe the development of
treatment capacities and technologies for mixed waste such that the waste meets the Land
Disposal Restrictions (LDRs) of RCRA. DOE and SNL/NM are currently working with the New
Mexico Environment Department (NMED) and the US Environmental Protection Agency (EPA)
to develop approved STPs for SNL/NM mixed wastes. The most recent STP is the draft
“Proposed Site Treatment Plan for Mixed Waste, Sandia National Laboratories/New Mexico,”
dated December 6, 1994. This STP is the third and final plan required for the implementation
phase in accordance with the “Schedule for Submitting Plans for the Treatment of Mixed Waste
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Generated or Stored at Each Site” as published on April 6, 1993 in the Federal Register at 58
FR 17875.

The current STPs cover only mixed wastes that were generated or stored on site prior to
October 1994. Mixed wastes that are generated after October 1994 are to be addressed in
annual updates to the STPs. Any mixed waste that is generated by the proposed program
would be included in future STP updates as required by the RCRA regulations.

The total mixed waste production rate for the proposed program is estimated to be less than
400 cubic feet per year. Since 1989, the mixed waste volume generated per year at the
SNL/NM nuclear facilities in Area V has varied from a low of 18.2 cubic feet in 1993 to a high of
199 cubic feet in 1992. These past volumes include the wastes that were generated from
experiments or processes that would not be conducted during the production of medical
isotopes and also includes other Area V facilities that would not be used in the proposed
program.

The categories of mixed wastes that would be generated by the proposed program are
anticipated to fit within the fifteen treatability groups identified in the Draft Proposed Site
Treatment Plan for Mixed Waste. For convenience, these treatability groups are provided in
Table A-4. Each of these treatability groups has an identified preferred treatment option.
Additional preferred treatment options would be developed if any mixed waste generated by the
proposed program could not be treated under one of the existing treatability groups.

Table A-4. Summary of SNL/NM Mixed Waste Treatability Groups

Treatability Group (TG) TG Description
TG1 Inorganic Debris w/Explosive
TG2 Inorganic Debris w/Water Reactive
TG3 Reactive Metals
TG4 Elemental Lead
TG5 Aqueous Liquids (Corrosives)
TG6 Elemental Mercury
TG7 Organic Liquids |
TG8 Organic Debris w/Organic Contaminants
TGS Inorganic Debris w/TCLP Metals
TG10 Heterogeneous Debris
TG11 Organic Liquids Il
TG12 Organic Debris w/TCLP Metals
TG13 Oxidizers
TG14 Aqueous Liquids w/Organic Compounds
TG15 Soils <50% Debris

A.6.5 Waste Management at LANL

Anticipated additions from target fabrication to the LANL waste streams are summarized in
Table A-5 below.
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Table A-5. Annual Waste Steam Increases Due to Target Fabrication at LANL

Waste Stream LANL Normal Target Fabrication | Percent
Operations Increase
Uranium air emissions 0.022 mCi none expected 0
Radioactive Liquid Waste 20 million liters 100,000 liters <1
Effluents (treated)
25 in Effluent 0 none expected 0
Uncontaminated Solid 11,121 metric tons 5m’ << 1
Waste (< 10 metric ton)
LLwW 4,500 m* Preoperational-
5m? <1
Operational:
5m’ <1

A.7 Transportation Shipping Campaign

The proposed action would create the need for a series of routine transportation shipments.
These would be shipments of: 1) unirradiated targets from LANL to SNL/NM and, if necessary
to Ottawa, Canada; 2) isotopic products from SNL/NM to the three manufacturers of
radiopharmaceutical generators; Dupont-Merck in Boston, Amersham Mediphysics in Chicago,
and Mallinckrodt in St. Louis; and 3) production wastes from SNL/NM to NTS or to the Hanford
Reservation in Washington State. The transportation shipping campaign for each of these
three types of shipments would ultimately be defined by the level of isotopic production. It is
expected that to meet 100% of the **Mo market SNL/NM would have to produce about 16,700
Ci of ®Mo in the reactor each week. To achieve this approximately 20 targets would be
processed each week, or 1040 each year based on a 52 week annual production schedule.
This level of target processing would define the transportation shipping needs of the proposed
action. Table A-6 illustrates the number of target, product, and waste packages that would
have to be shipped annually to meet this level of production as well as two other production
levels - 30% and 200% of market share.

Unirradiated Targets

Unirradiated targets would be shipped from LANL to SNL/NM or from LANL to Ottawa, Canada
to supply Nordion. Approximately 44 Type A package shipment carrying 24 targets each would
be required to supply the demand of the SNL/NM production estimates and Nordion's needs.
Each package was assumed to be shipped individually from LANL to SNL/NM and to Canada.
The mode of shipment for the shipments to SNL/NM was modeled as truck. For the Ottawa
shipments the mode was as truck to Albugquerque International Airport and then air cargo to
Ottawa. Thus, for the 100% market share model 88 truck shipments annually between LANL
and Albuquerque were modeled and 88 total air shipments were modeled for the Oftawa
shipments (44 between Albuquerque and a central air cargo hub, and 44 from the hub to
Ottawa). This model doubles the number of shipments required for the purpose of establishing
a conservative assessment. This model overstates the number of expected target shipments
by 100%. In actuality the 44 package shipment from LANL would be split between the
destination of SNL/NM and Ottawa according to the percent of the market share that each
27195 A-20 Draft EA



Pre-Decisional Draft

production site was responsible for meeting. However, because it is not known how market
production might be split between the two sites, the transportation campaign was defined so as
to establish a bounding estimate on impacts and risk

It would be possible to package the unirradiated targets in Type B containers that could carry
12 targets per package. These Type B containers could be loaded as up to five containers per
truck shipment. This would define a transportation campaign of 88 packages shipped on 18
truck shipments annually for 100% of the market share. However, the risk assessment was
based on the transportation of 44 Type A package shipments annually wherein each package
contained 500 gm of 2°U. This approach yields a bounding risk estimate that encompasses
the potential risk associated with shipping the targets in Type B containers. Two factors
establish this, 1) the model used in the risk assessment maximizes the likelihood of an accident
by modeling a higher number of shipments (44 vs. 18 annually), and 2) Type A packages offer
far less protection to the material from severe accident environments.

Table A-6. Transportation Risk Assessment Shipping Campaign

Transportation Risk Assessment Shipping Campaign

shipment Type | Package Contents/ Mode Origin Dest. Annual Package Shipment
Type Package Rate By Market Share
30% 200 % 100%
Fresh Targets* | Type A 500g 235U | TruckAir | LANL | SNUOttawa | 13 87 44
99Mo 20WC 820 Ci Air SNL Boston 104 691 346

SNL Chicago 104 693 347
SNL St. Louis 104 693 347
131) 20WC 220 Ci Air SNL Boston 104 691 346
SNL Chicago 104 693 347
SNL St. Louis 104 693 347

133xe SPEC 620 Ci Air SNL Boston 104 691 346
7A

SNL_ | Chicago | 104 | 693 | 347
SNL | StLlouis | 104 | 693 [ 33347

125 SPEC 7 Ci Air SNL Boston 11 68 34
7A
SNL Chicago 11 70 35
SNL St. Louis 11 70 35
Total Annual Isotope Product Package Shipments 969 6448 3224
Process B-3 Inventory of 14 Truck SNL NTS or 23 149 75
Wastes Cask Irradiated Hanford
Targets - 180
Days Out of
Reactor

*If isotope production was split between SNL/NM and Nordion in Canada, then the target Shipments
required to meet production would be split between SNL/NM and Ottawa accordingly. Furthermore,
all isotope production and process waste shipment estimates out of SNL/NM would be reduced.
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The number of packages that would be shipped in each isotope product shipment was defined
by assuming that for each 21 kW - 7 day target irradiated, the entire quantity of each isotope
produced by the processing of a single target would be individually packaged and shipped to
market. Thus, for each target irradiated one package each of 820 Ci of 99Mo, 220 Ci of 131
and 620 Ci 133Xe would be shipped. The curie values are for zero minutes out of the reactor.
The actual number of curies packaged would be less due to the decay of product during the
time for processing, inspecting, and packaging. The one exception is for 125}, for which it is
assumed that only 14 Ci/week would be required, and this would be packaged into two 7 Ci
shipments each week. The current market for 131) and 133Xe is not as large as that defined
by this model. However, this approach creates a conservative model for estimating
transportation impacts and risks that would bound the actual impacts and risks in the event that
the market for 131} and 133Xe should increase.

It is expected that the actual isotope products would be shipped out from SNL/NM on a five day
per week schedule to facilitate the use of commercial air cargo service between Albuquerque,
New Mexico and Boston, Chicago, and St. Louis. This would require that multiple packages of
products be placed on the same air cargo flight from Albuquerque to an air cargo hub, and from
there the product shipments would be segregated into three separate air shipments, one to
Boston, one to Chicago, and one to St. Louis. Thus, as many as 62 packages of products
would be shipped each week (20 each for 99Mo, 131, and 133xe, and two for 1251). If it is
assumed that a particular air cargo carrier has five flights per week from Albuquerque to a
distribution hub, then approximately 12 packages of products would be shipped out of
Albuguerque on each flight. Such quantities of isotopes could be shipped in a single flight as
long as the total package dose rates for all packages on a single flight remained below DOT
quantity limitation requirements defined in 49 CFR 175.75. These limits are achievable based
on the packages to be used and the quantities of isotopes that would be packaged.

Since the isotope shipments would typicallg be packaged on a "one target - one package" basis
for each isotope (with the exception of 12 l) it was assumed that one third of all packages for
each isotope product would go to each fabrication site. However, it is difficult to define exactly
a specific isotope shipment inventory since the actual configuration of isotopic products
available for shipment could vary somewhat from day to day. In order to establish a bounding
estimate on transportation impacts and risks, the isotope product shipment campaign was
conservatively modeled by assuming that each package of isotopes would be shipped
separately. Thus, all 3224 packages of isotope products that would be required annually to
package all of the 99Mo, 13|, and 133Xe produced were modeled as being shipped on 3224
separated flights to a central distribution hub, and then 1075 were modeled as shipped to each
fabrication center. In actuality, 6448 total flights are modeled since each package was modeled
as being shipped on two flights, first to a central air cargo hub and then to its final destination.

This method greatly overstates the number of flights required to ship the isotope products and
consequently overestimates the accident risk from transporting the product. By maximizing the
number of flights required, the probability of an accidental release is maximized in the
transportation impact and risk analysis. For example, if 12 packages were loaded at a time onto
an air cargo flight out of Albuquerque five times per week, then the actual number of flights
needed annually to ship the products to market would be 1040; 260 from Albuquerque to a
central hub and then another 780 flights from the hub to the three fabrication sites. Thus, the
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isotope shipping model increases the likelihood of a transportation accident by more than a
factor of six over what is actually expected based on the frequency of flights required.

Incident-free impacts would not be significantly overestimated by this approach. Since the
public and workers would be exposed to radiation from each package that would be shipped, it
is reasonable that the incident-free dose estimates derived by modeling each package
shipment individually would be similar to dose estimates derived by modeling multiple package
shipments.

Process Wastes

The shipments of process wastes are defined by the limitation of the amount of 235U that would
be accepted at the NTS or Hanford (Low Level Waste) repositories. Thus, the amount of
wastes that could be packaged into a single B-3 cask would be equivalent to the inventory
generated by fourteen 21 kW - 7 day irradiated targets. Furthermore, only one B-3 cask is
planned for each truck shipment. This would define a waste shipment campaign of up to 149 B-
3 cask shipments annually.
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APPENDIX B

DESCRIPTION OF CONTAINERS USED FOR
TRANSPORTING TARGETS, PRODUCTS, AND WASTES

B.1 Pre-Production Activity
Target Packaging

Targets would be fabricated, tested, and packaged for shipment at LANL. Twenty grams of
uranium enriched to 93% is the planned loading for each target. The number of targets to be
shipped at one time would be a maximum of 24 packaged in a Type A container. Part 71.22 of
10 Code of Federal Regulations (CFR), General License: Type A package, Fissile Class lil
shipment states in part “if material is shipped as a Fissile Class Il shipment...(c), This general
license applies only when the fissile radionuclides in the Fissile Class Il exceeds none of the
following: (1) 500 grams of uranium-235: or.” If the gram loading of uranium is increased per
target then a lesser number of targets may be shipped to stay under the 500 gram limit. LANL
is investigating the possibility of making Fissile Class | shipments using Type B packaging.

DOE Order 5632.2A specifies a physical protection classification of Category IV for 2% U if the
amount is less than 2 kg. The regulation further states “Baseline requirements for protection of
Category IV quantities of SNM in transit are as follows:...(2) Shipments of all category IV
quantities of SNM not transported by TSD may be made by one of the following methods:
truck, rail, air, or water in commerecial, for-hire vehicles.”

Since this is a new program, target shipments would be a small increase in road traffic volume
and the shipments would be under exclusive use rules of the Department of Transportation, 49
CFR Part 173if Type A packaging is used.

Target Transfer Cask

The concept for a target transfer container is under development. An internal cylinder of about
4 in in diameter and 30 in deep would hold up to four targets. This entire volume would be
surrounded by a 16 cm thickness of stainless steel clad depleted uranium to provide for
sufficient shielding. The cask would be designed to work easily in the Hot Cell Facility (HCF). It
would contain between one and four targets, and be transported from the reactor area to the
HCF around a driveway adjacent to the reactor building. This operation is a part of the reactor
functions and is not considered transport since it is adjacent to a building inside the TA-V
security and fenced boundary. The cask does not require certification, as it would not be in
transportation. However, it must be developed with an appropriate quality control program and
have a safety analysis performed, which then must be approved by DOE per DOE Order
5480.3.

B.2 Product Transportation to Customer

The Type B cask designated for use in transporting **Mo is the CI-20WC-2 (or CI-20WC-2A
which differs slightly) model that is described as follows: steel encased, wooden outer
protective jackets with a uranium shielded cask and inner steel containment vessel. The
protective jackets are constructed of disks and rings of plywood, which are glued together and
reinforced with steel rods. The protective jackets are contained in an 18 gauge steel drum.
The shielded casks have depleted uranium shields encapsulated in steel with a gasketed and
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bolted flange closure with six, 3/8 in -16UNC-2A X 3/4 in long bolts. The inner containment
vessel is @ 2.73 in OD X 5.56 in long 416 stainless steel, gasketed and threaded container. The
gross weight of the package is about 400 Ibs. The protective jackets overall dimensions are 24-
1/4 X 22 X 28-3/4 in, the depleted uranium thickness is 2 in, and the cylindrical cavity is 3.1 X 6
in.

The contents type and form of material for which the cask is certified are: **Mo/**T¢ in normal
form as solids or liquids, with a maximum quantity of material per package of 1,000 Ci, and "*'|
in normal form, or liquids with a maximum quantity of material per package of 200 Ci.

Medical house customers would typically require sample quantities of isotope products to judge
quality and other factors before committing to purchase the product. Since potential customers
have not been queried on the requirements, the sample could be some small fraction of a
production lot to a quantity equivalent to a lot. The CI-20WC-2 or CI-20WC-2A package could
be used to transport material in the latter case. For the former case it might be appropriate to
select a sample container to transport small quantities of product for customer testing. Since
customer sample requirements are not yet known, selection and availability of specific sample
packages have not been determined.

B.3 Waste Transportation and B-3 Package Status/Plans

The package proposed for transporting product waste is the B-3 Type B packaging. The
packaging consists of a lead shielded steel weldment in the shape of a right holiow cylinder with
a bottom containing a drain assembly and a recessed, plug type gasketed and bolted lid. The
packaging provides a minimum of 6 in of lead shielding. Packaging features include lifting and
tie down devices and a drain to the central cavity. The maximum weight of the loaded package
is 30,000 Ibs.

Because of the weight of the B-3 package, it is most likely that one truck would carry one B-3
package per shipment. Two packages per truck may be possible; however, depending on the
exact payload weight, two packages would likely exceed the maximum gross weight allowed for
one truck. The shipments would go directly from the ACRR building to either the primary site
along 1-40, or to either alternative site along the most direct route selected by the motor
transport company using appropriate guidance. Transporting this waste would increase traffic
volume, since it is expected that approximately 85 shipments per year would be required. The
dose criteria are the same as stated above for the product transport package, as this package
is Type B and must meet the same listed constraints. The calculated dose rate at 1-meter from
the surface of the package is 1.6 mR/hr, or Tl = 1.6 at four months after storage (personal
communication from E. Parma to A. Trennel, November 3, 1994).

There are four B-3 packages associated with this program. Two packages are located at
Cintichem Co., and two are located at the National Institute of Science and Technology (NIST).
The casks have been tested within the last two years, although not all casks are current in this
regard. Casks would be inspected and tested prior to use in accordance with their Certificate
of Compliance (U.S. NRC, 1980) instructions.
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