Intersite Transportation

Appendix G
Intersite Transportation

This appendix supplements Section 4.4. It describes the methodology used for intersite transportation risk
analysis and provides estimated health risks from the transport of materials, historical shipment data for the
affected sites, and other supporting documentation. Intrasite transportation of pits between Zone 4 and Zone 12
at Pantex to support storage of RFETS pits for the Preferred Altemnative is described in Appendix Q.

G.1 TRANSPORTATION RISK ANALYSIS METHODOLOGY
G.1.1 TRUCK AND RAIL TRANSPORTATION RISK

This assessment addresses the intersite transport of plutonium (Pu), highly enriched uranium (HEU), cesium,
Pu oxide (PuO,), uranium oxide, mixed oxide fuel (MOX), low-level waste (LLW), transuranic waste, and
immobilized material. Pu, including MOX fuel, and HEU would be transported in truckload shipments by safe
secure trailer (SST). The other materials would be transported by commercial truck, except for immobilized Pu
with radionuclides (vitrified glass logs, ceramic disks, or glass-bonded zeolite in canisters), which would be
transported to a repository by rail. For overseas shipments, this assessment includes port handling and ocean
transport. This assessment compares transportation impacts for the alternatives considered.

For this analysis, the isotopic composition of Pu was assumed to be 93 percent Pu-239, 6 percent Pu-240, and
1 percent other Pu isotopes. The isotopic composition of HEU was assumed to be 93 percent uranium-235.
For the other radioactive materials to be transported, the isotopic compositions were estimated based on data
provided from the facility designers.

Handling risk involves the loading and unloading of transport vehicles, which was estimated on a per-vehicle
(truckload/rail carload) basis. One loading and unloading operation was assumed for each shipment. It was
estimated that there would be two cargo handlers and 35 other workers within 50 meters (m) (164 feet [ft]) of
the loading/unloading operations. Because of the low speeds, less than 8 kilometers per hour (km/hr) (5 miles
per hour [mph]), involved in transferring Pu and uranium between a storage facility and the transport vehicles
and because the rigid design standards used for the Type B packagings allow them to withstand an accident (for
example, a fork lift puncture), it is extremely unlikely that a Type B package would be breached. The estimated
probability of a package being damaged so severely (for example, by forklift puncture, high winds, or tornados)
that the inner and outer containers would fail and some fraction of the contents would be dispersed is extremely
low (that is, less than 1.0x107'%). However, design-basis and beyond-design-basis accidents with frequencies in
the range of 10°% to 10”7 are evaluated under facility accidents. Detailed analyses and test results including a
puncturing forklift accident which serves as a bounding value, are presented in Section M.5. The risk factor from
transferring Pu and HEU between the storage facility and the transport vehicles is so low as to be
inconsequential. Therefore, it is unlikely that a worker or member of the public fatality would occur as a result
of an accident during the transfer of Pu or HEU. The collective dose due to accident-free radiological exposure
to cargo handlers and other workers for each loading operation is estimated to be 0.06 person-roentgen
equivalent man (rem) and 0.004 person-rem, respectively. Because the loading would occur onsite in a secure
area, there would be no exposure to the public.

For the transportation analysis, materials were assumed to be in shippable forms that have been stabilized and
packaged for shipment at the originating site and meet Department of Transportation (DOT), Nuclear
Regulatory Commission (NRC), and Department of Energy (DOE) requirements. The health impacts from the
transport of materials were estimated using an assumed population distribution along specific routes when sites
were known or along an assumed route distribution of 84-percent rural, 15-percent suburban and 1-percent
urban for generic sites; average container, truckload, or rail carload of material; and a standard unit of measure
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for traffic fatalities (the risk per kilometer). Potential impacts are presented for both accident and accident-free
scenarios.

The RADTRAN Version 4 computer code, developed and maintained by Sandia National Laboratories at
Albuquerque, NM, was used to estimate health risks in terms of potential total fatalities from the transport of
radioactive materials. The RADTRAN code combines user-determined demographic, transportation,
packaging, and material factors with health physics data to calculate the expected radiological consequences of
accident-free and accident transportation scenarios.

The transportation accident model in RADTRAN assigns accident probabilities to a set of accident categories.
For the truck analysis, the eight accident-severity categories defined in NRC’s Final Environmental Statement
on the Transportation of Radioactive Material by Air and Other Modes (NUREG-0170, December 1977) were
used. The least severe accident category (Category I) represents low magnitudes of crush force, accident-impact
velocity, fire duration, or puncture-impact speed. The most severe category (Category VIII) represents a large
crush force, high accident-impact velocity, long fire duration, and high puncture-impact speed, such as an
88-kmv/hr (55-mph) collision into the side of the vehicle, and a 982 degrees Centigrade (°C) (1,800 degrees
Fahrenheit [°F]) fire lasting 1.5 hr to produce a release of the material. The release fractions for Category VIII
accidents were conservatively estimated to be 0.1 for the strictly controlled SST shipments and 1.0 for other
shipments.

A unit dose per shipment was calculated using RADTRAN for each type of radioactive material to be
transported between sites and for each alternative. The distance and fraction of rural, suburban, and urban
population for each route was estimated using the INTERSTAT routing code for truck transport and
INTERLINE for rail transport. These two routing codes are integrated with the RADTRAN code. For sea
transport, the actual distance was used between an East Coast port (hypothetically, the U.S. Army port at Sunny
Point, NC) to ports in the United Kingdom and France, 6,297 km (3,400 nautical miles) and 6,112 km
(3,300 nautical miles), respectively. For land transport by SST to facilities without a specific site, a potential
bounding risk was established for distances of 1,000 kilometers (km) (620 miles [mi]), 2,000 km (1,240 mi),
and 4,000 km (2,480 mi), assuming rural, suburban, and urban population distributions of 84, 15, and 1 percent,
respectively along the route. Under the European MOX fuel fabrication variant, the impacts from the transport
of Pu materials from DOE origins (that is, existing storage, pit disassembly/conversion site, or Pu conversion
site) to placement of the material aboard ship, were considered. For the assessment, the representative port was
assumed to be at distances of 1,000 km (620 mi); 2,000 km (1,240 mi); or 4,000 km (2,480 mi) from the origin.

The transport index is a regulatory characteristic of a package and is equal to the radiation dose rate in mrem per
hour at a distance of 1 m (3.3 ft) from the outside of the package (49 CFR 173.403). The transport index values
were estimated to be the maximum allowed by regulatory requirements, as indicated by regulatory checks
incorporated in RADTRAN. These regulatory checks limit the product of the number of packages and the transport
index (of each package) to a value of about 16. This value was used as a bounding value for evaluating impacts.
The quantity of material per package, number of packages per truckload, and number of truckloads (shipments)
for the life of the project were based on estimates for each storage and disposition alternative.

To determine the transportation accident and accident-free impacts, the unit dose (the derived radiation dose for
each shipment) was converted to a unit risk factor per shipment by multiplying the occupational accident-free
dose by 4.0x1 0" cancers per person-rem and the public accident and accident-free dose by 5.0x107 cancers per

person-rem (ICRP 1991a:22).

Nonradiological impacts from accident-free (air pollution) and highway accidents were also assessed. Fatalities
from potential air pollution were estimated using 1.0x1 077 cancer fatalities per urban kilometer. Highway accident
fatalities were estimated from national statistics using 1.5x10°® rural, 3.7x10 suburban, and 2.1x10" urban for
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occupational risks per km, and 5.3x1 08 rural, 1 3x108 suburban, and 7.5x1 09 urban for nonoccupational risks per
km (SNL 1986a:167). The combined resultant health risks are presented as potential fatalities.

The estimated impacts for each alternative were derived by summing the health effects for the materials to be
transported for each transportation segment required by the alternative.

G.1.2 RISK ASSOCIATED WITH PORT HANDLING AND GLOBAL COMMONS FOR EUROPEAN MIXED
OXIDE FUEL FABRICATION

For the Existing Light Water Reactor Alternative, MOX fuel could be produced in existing European facilities
to meet interim needs, pending availability of a domestic MOX fuel fabrication plant. Therefore, this
programmatic environmental impact statement (PEIS) considered transportation impacts at the ports and global
commons. The methodologies for the various cases are explained in the following sections.

G.1.2.1 Port Transit and Intermodal Handling Analysis (Accident-Free Conditions)

The materials to be shipped under this action (Pu oxides and fresh MOX fuel assemblies) emit low radiation
levels. Consequently, the self-shielding and the shielding afforded by the external walls of the shipping
containers are sufficient to reduce the estimated maximum dose rate at 1 m (3.3 ft) from the package to zero for
the 6M package (with 2R inner container) and to less than 1.5x10™* millirem/hr for the MO-1 package. [Text
deleted.]

G.1.2.2 Port Transit and Intermodal Handling Analysis (Accident Conditions)

For the shipment of Pu oxide from lag storage to an overseas MOX fuel fabrication site and the return shipment
of reactor fuel assemblies, (1) material would be transported by SST to or from the selected U.S. port and (2)
shipping containers would be transferred between the SST and the ships. The Pu oxide would be contained in
6M-2R, Type B packaging which would be placed in groups of eight or fewer packages in a cargo restraint
transporter (CRT) to facilitate loading and securing in the SST. For ship transport, the 6M-2R packagings would
be placed in International Standards Organization (ISO) intermodal containers that are compatible with the
common handling and securing facilities available. The returning fuel assemblies would be shipped in MO-1
casks that meet Type B certification requirements.

The shipping schedule projects two shipments of Pu oxide per year and a maximum of four shipments of fresh
MOKX fuel assemblies per year. Facilities for transferring CRTs from the SST to the ISO containers and staging
of returning fuel casks unloaded from ships to multiple SST convoys would be available in the immediate port
area. Handling and short-term storage in these facilities do not involve significant accident risks apart from the
remote possibility of a major fire. All other mishaps that might occur during the shipping, handling, and
inspection operations are subsumed in the accident rate per port transit of a ship, which is described in
Section G.1.2.3. Transportation risks associated with SST operations are treated separately.

During port transit, loading, and unloading, the occurrence probability of an accident of any type can be
assigned from reported statistics. In this analysis, all accidents involving a container breach and fire on a ship
are modeled as occurring at pier side. This approach is highly conservative in that it ignores both the high
probability of a greater stand-off distance and the fact that transits to ports are typically through low population
density areas. Additionally, in the absence of prevailing wind data, the radioactive cloud (plume) is modeled as
traveling over the port area and out to a distance of 80 km (50 mi). In reality, the prevailing winds might blow
the plume away from populated areas. Without detailed population density data, the accident model treats the
port population density as continuing out for the full 80 km (50 mi).
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G.1.2.3 Modal Considerations

Maritime accident rate data indicate that the basic accident rate in and near ports is approximately 3.0x10% per
port transit; that is, three accidents per 10,000 port visits (DOE 1991s:22). The conditional occurrence
probabilities of each accident severity have been developed as well. A conditional probability is defined as the
probability, given that an accident has occurred, that it will be of a certain severity. In order to calculate overall
probability of an accident of a particular severity, the base accident probability (accident rate) must be
muitiplied by the conditional probability. For Type B packages containing the materials contemplated in this
action (Pu oxide and fresh MOX fuel assemblies), the highest conditional probability, for an accident resuiting
in the release of package contents, yields an overall maximum accident probability of 5.0x10™° per port transit
(DOE 1996n:D-191; SNL 1995b:3). The resultant overall probability is, therefore, approximately 3.0x10'8/year
(yr) (that is, number of accidents per transit multiplied by number of transits per year [six]).

Activities or conditions that affect material release from packages in the event of an accident include, but are
not limited to, the following:

» Container Drops During Intermodal Transfer. Berths at all ports considered in this action are
likely to consist of either concrete aprons constructed on friction pilings driven into the sediment or
tamped earth contained within sheet pilings and surfaced with concrete. Both are yielding surfaces,
and the water and the deck of a ship are even more yielding than a dock surface. Previous studies
have shown that a Type B package can be dropped onto a yielding surface from at least 10 m (30 ft)
(as specified for Type B packaging) without sustaining damage (IAEA 1987a:551;
SNL 1975a:7,15). Information describing Type B package testing is contained in Section G.5.

Container drops are infrequent, and such a drop would be considerably less severe than the
certification drop test conditions, even if the container was dropped from greater than 10 m (30 ft),
because of the yielding nature of the surfaces onto which they might fall. Therefore, container drops
during intermodal transfers are not considered a threat to Type B packaging, and they need not be
considered further in this analysis. Since truck velocities within the immediate confines of a port are
low and container movements are preceded by a port authority police escort vehicle, truck accidents
in port also are not considered further. Port accidents that are considered consist mainly of vessel
accidents, including accidents in which a moored ship is struck, usually by another ship (SNL
1980a:4-1,4-2).

* Packaging Response to Thermal Conditions. The packaging considered for this action is designed
to survive the thermal load specified in the Type B packaging certification tests with no release of
contents. Total heat input to a package is more important than peak temperature. A fire that meets or
exceeds the regulatory fire temperature of 800 °C (1,470 °F) may have no effect whatsoever on the
package if it does not engulf the cask (that is, if it does not satisfy the test condition of the entire
package being exposed to the fire) and/or if it does not last at least as long as the 30 minutes specified
in the regulatory test (NRC 1987b:2-24).

The likelihood that a shipboard fire will occur in the same location as the cargo is relatively small;
many ship fires are confined to engine rooms, galleys, etc., and do not affect cargo areas
(SNL 1980a:4-19). Fire-duration is also unlikely to be a factor. Although shipboard fires have been
described as burning for days, that is not, by itself, sufficient information to determine whether any
particular location as small in volume as a single container is exposed to fire at all, much less “for
days.” Indeed, shipboard fires are often traveling fires, which progress through a ship during the
course of a fire and during which no single location in the fire’s path is exposed for a prolonged
period of time. Fires involving tanker ships are not directly relevant to conditions onboard container
ships; tanker fires are discussed in Tanker Accident Rates and Expected Consequences in U.S. Ports
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and High Seas Regions (TRB 1985a:164). In a rare historical accident involving the collision of an
oil tanker and a cargo ship, conditions onboard the tanker and container ships were quite different
(DOT 1975a:1; NTSB 1975a:1).

* Atmospheric Dispersal. Atmospheric dispersal is usually the means of spreading any material
released during a severe accident beyond the immediate vicinity and into the human environment.
Dispersal is affected by the degree of turbulence in the atmosphere, which can vary from unstable
(Class A) to extremely stable (Class F). The Pasquill system of atmospheric stability classes is
commonly used to describe this variation, although there are other systems (NRC 1983a:2-18). A
conservative representation of atmospheric conditions at ports generated by the DIFOUT dispersion
code for Class D, which has been used in previous port analyses, was used for this analysis (SNL
1969a:19).

G.1.24 Port Handling Impacts

Accident-risk estimates were calculated using the RADTRAN 4 computer code. Overall probabilities for
accidents of sufficient severity to release radioactive materials to the environment during a port transit and
associated handling were obtained from “Radiological Consequences of Ship Collisions That Might Occur in
U.S. Ports During the Shipment of Foreign Research Reactor Spent Nuclear Fuel to the United States in Break-
Bulk Freighters.” Package releases were modeled in accord with shipment of powdered material of fissile
assemblies (taking account of their unirradiated state). Since specific ports have not been identified, population
density in the vicinity of a nominal port was set at a mean urban value of 3,861 square kilometers (10,000 square
miles), which is very conservative for most U.S. ports. Impacts, calculated in terms of dose risk and latent cancer
fatalities, for all shipments in 1 year (2 export; 4 import) are presented in Table G.1.2.4-1 together with the
separate export and import risks. The health risks are based on a value of 5.0x10™ fatalities per person-rem for
the general public (workers are included with the public for accident conditions).

If any of the alternatives in the reactor category were selected, MOX fuel would have to be fabricated. No
decision has been made as to where MOX fuel would be fabricated or to where the fuel would be transported
for use. However, if the decision were to make any of the MOX fuel in Europe, DOE would ship Pu by sea
through ocean ports and would receive MOX fuel shipped by sea from Europe, again through ocean ports. The
selection of which ports, after additional environmental reviews under NEPA, would be part of the larger DOE
transportation planning process that would also determine shipment schedules, port or ports of entry and exit,
modes of transport to and from the ports, emergency preparedness plans and contacts, and communications
strategies based on current capabilities. Because there is uncertainty associated with the future nature of port
activities and their capabilities for handling Pu and MOX fuel 10 or more years into the future, no specific ports
were analyzed for this PEIS. For determining the distance between a port on the eastern U.S. coast and a port in
the Great Britain or France, Sunny Point, NC, was used. The distance between Sunny Point, NC, and the
European ports is stated in Section G.1.1. '

In selecting transportation routes, including any ports, the safety of the public and security of the cargo are of
primary consideration. To ensure these primary considerations are achieved, DOE would evaluate the ports to
be used based on a set of criteria that would include adequacy of harbor and dock characteristics to satisfy the
Pu container carrying ship requirements; adequacy of facilities for safe receipt, handling, and transhipment of
Pu and MOX fuel; overall port security; availability of safe and secure lag storage; adequacy of overland
transportation systems from ports to the reactor and from the Pu site(s); availability of a skilled labor force with
routine experience in safe and secure handling of hazardous cargo; emergency preparedness status and response
capabilities at the port and the nearby communities; quality of intermodal access for truck or rail shipments to
and from the port; proximity to the proposed pit disassembly/conversion facility and reactor sites; local
restrictions or regulations on movement of hazardous cargo; absence of significant environmental restrictions
from the port; and the size of human population at the ports and along transportation routes.
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Table G.1.2.4-1. Annual Accident Risks Due to Export of Plutonium Oxide
and Import of Mixed Oxide Fuel

Annual Annual Health
Shipments Dose-Risk  Effect®
(person-rem)

PuO,—export 2 3.3 1.6x1073

MOX fuel- 4 3.6x10°77 1.8x10°10
import

Total annual 33 1.6x1073
effect

2 Estimated latent cancer fatalities per year.
Source: RADTRAN model results.

The total health risk of 1.6x10°3 latent cancer fatalities per year is a highly conservative estimate, as the
population density surrounding actual ports may be smaller by as much as a factor of 10. Also, one-half of the
6M-2R packages in the particular ship hold impacted during an accident are modeled as being affected in severe
accidents; this is considered to be very unlikely. The major reason the risk associated with the PuO, shipments
is higher than that for the MOX fuel is the physical state of the material, a fine powder, which is 100 percent
dispersible upon release. If the PuO, is shipped as pellets, as in the case for fuel rods, the annual risk for the
PuO, shipments is reduced to 1.6x10'7person-rem or 8.2x107!! Jatent cancer fatalities.

G.1.25 Effects on the Global Commons

European MOX fuel fabrication, which could be used on a short-term basis to provide lead test assemblies and
other MOX fuel, would option involves the shipment of Pu oxide on an ocean-going vessel to Europe, where it
would be fabricated and loaded into MOX fuel assemblies and returned by ship to the United States. The
frequency of a severe maritime accident, sufficient to release radioactive materials resulting in catastrophic
consequences, is less than 1.0x10°%/yr. Nevertheless, this discussion addresses concerns that could arise over
potential impacts to the global commons from an accident involving the shipment of Pu oxide or MOX fuel.

However unlikely, there is always a potential for maritime accidents during the ocean shipment of Pu and MOX
fuel. The severity of maritime accidents ranges from immersion to collision to fire and collision. Accidents in the
port egress areas have a greater potential for public consequences than accidents on the open seas because of the
proximity to populated areas. Studies performed for recent National Environmental Policy Act (NEPA) of 1969
documents conclude that the probability of a maritime accident of sufficient severity to cause significant release
of radioactive materials resulting in catastrophic consequences is extremely small, on the order of 1.0x108 per
port call (DOE 1993x:A-3) to 1.0x10° per port call (DOE 1996n:D-191). Assuming six shipments per year, the
probability of a maritime accident would be in the order of 1.0x10'7/yr to l.OxlO'S/yr.

An environmental assessment of the import of Russian Pu-238 shows that collision accidents on the open seas
are more severe than those in inland waterways because of higher speeds, but less frequent because of lighter
ship traffic (DOE 1993x:A-2). As a vessel nears port, it enters more congested waters and its speed decreases,
but accident frequencies increase because of the increased ship traffic and relative proximity of one vessel to
another. If PuO, were to be released in water in port areas or open seas, the study indicates that the oxide nature
of the fuel results in a very low dissolution rate; and the aquatic chemistry of Pu is such that it preferentially
binds with the sediment rather than remaining dissolved (DOE 1993x:A-3). The DOE study concluded that fire
alone is not a credible means of causing a release, and any accident sequence that resulted in a release of contents
must include exposure of the package containing the Pu to mechanical forces great enough to cause failure (that
is, forces greater than required in Federal certification testing) (DOE 1993x:A-4). The probability of a severe
ship collision, followed by a fire, is on the order of 1.0x10°8 per port call (DOE 1993x:A-3). Although the
environmental assessment studies were performed specifically for the shipment of Pu-238, the results and
conclusions are considered generally applicable to the shipment of Pu-239 and MOX fuel.
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G.1.2.6 Security Considerations in the Global Commons, and at European MOX Facilities

The elements of security measures would be incorporated in the transportation plan DOE would complete for
the shipment of PuO, to European MOX fuel fabrication sites, and for the return of fresh MOX fuel assemblies.
The movement of these materials in the United States is addressed in Section 4.4.2.2 on the use of the SST
transportation system. The safeguarding of the Pu to be shipped—from the time it leaves the SST in 6M-2R,
Type B packaging in CRTs, through its loading into ISO containers, movement by port facility tractors, staging
in the dock facilities, movement to its transport location on board, and unloading, staging, handling, and
shipment to the MOX fuel fabrication facilities—would be addressed in the procedures specified in a
transportation plan that DOE would prepare in accord with its guidance documents. This transportation plan
would also address compliance with DOT, NRC, International Atomic Energy Agency (IAEA) regulations,
safeguards and standards, and any additional measures deemed necessary to ensure that the transportation would
be carried out in the most secure manner, considering the relative risks involved, and that recovery measures
adequately mitigate the consequences in the event that security is breached. The DOT is the U.S. Competent
Authority designated to carry out the provisions of the IAEA standards, and DOE would be responsible for the
transportation plan to address the entire Pu transportation system for this campaign, from the point of origin in
the United States to the delivery of the MOX fuel assemblies. In addition, the transportation plan would address
Federal, State, and local regulations of the country where the MOX fuel fabrication facility is located.

Physical security of the Pu in transit would be provided in compliance with a security system referred to in the
transportation plan. The DOT and NRC are responsible for the assessment of security measures for ship
transport. The security system would include procedures for coping with circumstances that pose a threat to the
Pu shipments and with other safeguards emergencies, and instructions for surveillance and escort requirements.
These procedures would address the detection of abnormal presence of unauthorized persons, vehicles, or
vessels in the vicinity of PuO, or MOX fuel shipments; the monitoring of the progress of the shipments; the
notification of requirement for emergency actions; the maintenance of records required for verification that
security has not been breached; and the documentation that proper procedures have been followed.
Arrangements would be made with authorities at ports, and those along the routes to the MOX fuel fabrication
facility responsible for responding to a security event or call for assistance. These arrangements would be
approved in advance by the NRC, DOT, and State and local authorities. A shipment vessel in port would be
protected by two armed escorts stationed on board or on the dock at a location permitting observation of the
shipment. At sea, an authorized ship’s officer would be responsible for providing the appropriate level of
security and maintaining communication with the NRC.

The physical security threat to spent nuclear fuel in transport was recently evaluated by DOE in the Final
Environmental Impact Statement on a Proposed Nuclear Weapons Nonproliferation Policy Concerning Foreign
Research Reactor Spent Fuel (DOE/EIS-0218, Volumes 1 and 2, Appendices D and H). The environmental
impacts evaluated therein resulting from accidents and malicious attacks (explosion, breach of containment,
fire) are relevant to the shipment of MOX fuel. Those analyses indicate that the consequences of the act to breach
the packaging containment (explosions, penetration, fire) create a much higher injury and health risk than the
release of the radioactive materials from the package. The packaging is designed so that the Pu is not present in
sufficient quantities to create a nuclear criticality in the event of breach of the package containments. A nearby
explosion unrelated to the Pu would not release Pu from the packages, and a penetration device (shaped charge,
armor piercing projectiles) would most likely only rupture a single container, thus severely limiting the
radioactive material hazard resulting from a malicious destructive act. The accident analyses described in this
appendix address the risks associated with accidents resulting from a breach of security during transportation
of PuO, and MOX (DOE 1996n:D-252-D-256; H-8-H-10).

Additional information on the shipment of Pu by sea can be found in Safety of Shipments of Plutonium by Sea,
DOE/EM-0103, September 1993. This document was completed by DOE pursuant to Section 2904 of the
Energy Policy Act of 1992, and addresses the shipment of Pu from one foreign port to another, and cites the
conventions, treaties, and practices under which such shipments have been carried out and the codes and
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standards used to ensure the safe and secure transport of Pu by sea. It notes that the shipment of Pu from France
to Japan was done on a dedicated special purpose vessel that was accompanied by an armed escort ship capable
of providing emergency support to the transport vessel.

For actions associated with this PEIS, transport of Pu by ship would be done by dedicated British Nuclear Fuel,
Limited or COGEMA ships from military seaports in the United States to seaports in Great Britain or France.
The transport would meet applicable IAEA requirements and the International Maritime Organization code.
While in temporary storage at the seaports and during transport on the ship, appropriate escort security measures
would be implemented.

G.2 HISTORICAL INTERSITE TRANSPORTATION SHIPMENT DATA

Table G.2-1 presents a 5-year (1990 through 1994) summary of the nonhazardous and hazardous cargo shipped
by commercial carriers to and from each of the eight DOE sites included in this PEIS.

Table G.2-2 presents a summary, by chemical name, of all hazardous material shipped to and from Hanford Site,
Idaho National Engineering Laboratory, Los Alamos National Laboratory, and Nevada Test Site for 1994. Table
G.2-3 present a summary, by chemical name, of all hazardous material shipped to and from Oak Ridge
Reservation, Pantex Plant, Rocky Flats Environmental Technology Site, and Savannah River Site for 1994.

G3 HIGHWAY DISTANCE
Table G.3-1 shows the highway distance between the eight DOE sites being evaluated.
G4 TRANSPORTATION EQUIPMENT

Packaging refers to a container and all accompanying components or materials necessary to perform its
containment function. Packagings used by DOE for hazardous materials shipments are either certified to meet
specific performance requirements or built to specifications described in DOT hazardous materials regulations
(49 Code of Federal Regulations [CFR] Subchapter C). For relatively low-level radioactive materials, DOT
Specification Type A packagings are used. These packagings are designed to retain their contents under normal
transportation conditions. More sensitive radioactive materials shipments require use of highly sophisticated
Type B packaging, designed and tested to prevent the release of contents under all credible transportation
accident conditions.

Plutonium and HEU are DOE-unique hazardous materials that require special protection. In addition to meeting
the stringent Type B containment and confinement requirements of the NRC’s 10 CFR 71 and DOT’s 49 CFR,
packaging for nuclear weapons and components must be certified separately by DOE. DOE employs a closed,
Government-owned and -operated Transportation Safeguards System for the intersite transport of nuclear
weapons and components, including Pu and HEU. Specially designed SSTs are utilized to ensure high levels of
safety and physical protection. Limited-life components are transported almost exclusively by DOE’s contract

air carrier.

As a representation of a typical Type B packaging used to transport weapons components, the testing sequence
for the 6M, Type B packaging used for the shipment of HEU is described below. Pu packaging requires a similar,
high level of protection. Most other radioactive and hazardous materials, such as LLW, would be transported by
commercial truck. Figures G.4—1 through G.4-6 illustrate packaging types and a CRT used for the transport of

materials.
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Figure G.4-1. Typical Assembly of 6M, Type B Packaging
Jor Plutonium (Other Than Pits) or Highly Enriched Uranium
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Source: Derived from SNL 1988b.
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Figure G.4-2. Cargo Restraint Transporter Loaded With Drums.
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Figure G.4-3. Assembly of FL, Type B Packaging for the Transport of Plutonium Pits.
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G.5 6M, TYPE B RADIOACTIVE MATERIAL SHIPMENT PACKAGING TES
SEQUENCE

In addition to meeting DOT standards demonstrating it can withstand normal conditions of transport without
loss or dispersal of its radioactive contents, the model 6M, Type B packaging used for DOE shipments must
survive certain severe hypothetical accident conditions that demonstrate resistance to impact, puncture, fire, and
water submersion. Test conditions do not duplicate accident environments, but rather, produce damage
equivalent to extreme and unlikely accidents. The 6M, Type B packaging is judged as surviving extreme
sequential testing if it retains all its contents except for minuscule allowable releases, and the dose rate outside
the packaging does not exceed 1 rem/hr at a distance of 1 m (3.3 ft) from the package surface. Drum sizes (outer
package) can vary from 38 to 416 liters (10 to 110 gallons).

The complete sequence of tests is listed below.

* Drop Test. A 9-m (30-ft) drop onto a flat, essentially unyielding, horizontal surface, striking the
surface in a position for which maximum damage is expected.

* Puncture Test. A 1-m (3.3-ft) drop onto the upper end of a 15-centimeter (6-inch) diameter solid,
vertical, cylindrical, mild steel bar mounted on an essentially unyielding, horizontal surface.

* Thermal Test. An exposure for no less than 30 minutes to a heat flux no less than that of a radiation
environment of 800 °C (1,475 °F) with an emissivity coefficient of at least 0.9.

* Water-Immersion Test. A subjection to water pressure equivalent to immersion under a head of
water of at least 15 m (50 ft) for no less than 8 hours.

The regulatory test conditions for the 6M, Type B packaging and other similar packaging are much more
demanding than they might appear. For example, an impact on a very hard surface (desert caliche) at more than
322 km (200 mi) per hour is not as likely to deform the packaging as would a drop of 9 m (30 ft) onto an
unyielding target.

A typical 6M, Type B packaging approved for use by DOE is covered by Certificate of Compliance Number
9859, dated January 5, 1994. The 6M, Type B packaging is made up of several components each with an integral
engineered role in containment and confinement of the radioactive material being shipped. Although 6M, Type
B packaging has been involved in severe accidents, the integrity of the packaging has never been compromised.

It is noted that there is some controversy concerning the adequacy of the Type B packaging. However, these
packages are currently certified as safe for transporting radioactive materials. If the safety certification for the

packaging is withdrawn, new analysis will be required.
G.6 SAFE SECURE TRANSPORT

Since 1947, DOE and its predecessor agencies have moved nuclear weapons, nuclear weapons components, and
special nuclear materials by a variety of commercial and Government transportation modes. In the late 60s,
worldwide terrorism and acts of violence prompted a review of procedures for safeguarding these materials. As
a result, a comprehensive new series of regulations and equipment was developed to enhance the safety and
security of these materials in transit. Subsequently, the Transportation Safeguards Division (TSD) was
established in 1975 at the DOE Albuquerque Operations Office. TSD modified and redesigned transport
equipment to incorporate features that more effectively enhance self protection and deny unauthorized access
to the materials. During that time, TSD curtailed the use of commercial transportation systems and moved to a

total Federal operation.
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Management, control, and direction of TSD is centralized at Albuquerque Operation Office. Both the Federal
officers who drive the transportation vehicles and the escorts are Nuclear Materials Couriers. There are three
courier operations centers, located at Amarillo, Texas, Oak Ridge, Tennessee, and Albuquerque, New Mexico.
Approximately 100 shippers and receivers of special nuclear material and other sensitive materials are served
at locations throughout the continental United States.

Since its establishment in 1975, TSD has accumulated over 110 million km (70 million mi) of over-the-road
experience transporting DOE-owned cargo with no accidents causing a fatality or release of radioactive
material. This is due largely to the TSD philosophy that safety and security are of equal and paramount
importance in the accomplishment of DOE’s transportation safeguards mission.

The SST is a specially designed part of an 18-wheel rig that incorporates various deterrents to prevent
unauthorized removal of cargo. The trailer has been designed to afford the cargo protection against damage in
the event of an accident. This is accomplished through superior structural characteristics and a highly reliable
cargo tiedown system similar to that used aboard aircraft. The thermal characteristics of the SST would allow
the trailer to be totally engulfed in a fire without incurring damage to the cargo. The tractors are standard
production units that have been modified to provide the couriers protection against attack. Other vehicles that
make up the convoy may include Ford vans and Chevrolet Suburbans. These tractors and escort vehicles are
equipped with communications, electronic, radiological monitoring, and other equipment that further enhance
en route safety and security. The vehicles utilized by TSD must meet maintenance standards significantly more
stringent than those for similar commercial transport equipment. All vehicles undergo an extensive maintenance
check before every trip, as well as periodic preventative maintenance inspections. In addition, these vehicles are
replaced more frequently than commercial shippers. As a result, TSD experiences few en route breakdowns and
has had no accidents due to equipment malfunction.

The TSD makes every effort to ensure its convoys do not travel during periods of inclement weather. Should the
convoys encounter adverse weather, provisions exist for the convoys to seek secure shelter at previously
identified facilities. Although TSD provides sleeper berths in all vehicles, couriers accompanying TSD
shipments do not exceed 32 hours of continuous travel without being afforded the opportunity for 8 hours of
uninterrupted, stationary bed rest. TSD has also imposed a maximum 88-km/hr (55-mph) speed limit on its
convoys, even if the posted limit is greater. '

Security Communications is a nationwide communications system operated by TSD and located in
Albuquerque. This system provides a capability to monitor the status and location of every convoy and maintain
real-time communications 24 hours a day, 365 days a year with every convoy. The control center maintains an
emergency contact directory of Federal, State, and local response organizations located throughout the
contiguous United States. This capability is available to TSD 24 hours a day, 365 days a year.

Armed Nuclear Materials Couriers accompany each shipment containing special nuclear material. They also
drive the highway tractors and escort vehicles while operating the communications and other convoy equipment.
Couriers are non-uniformed Federal officers and are authorized by the Atomic Energy Act to make arrests and
carry firearms in the performance of their duties. They carry both a photo identification card and shield which
certify their Federal status. Couriers are required to obey all traffic laws and will cooperate fully with law
enforcement officers. After careful screening and selection, courier trainees undergo a 12-week basic training
course, during which they receive instruction in tractor-trailer driving, electronic and communications systems
operation, and firearms. Tests in operating procedures, physical fitness, driving, firearms, and other job related
subjects must be passed in order for a courier to be certified. Following basic training, the courier spends the
balance of the first year in on-the-job training. The first year of employment is probationary, and the courier must
successfully complete it to be retained. Couriers are given in-service training throughout their careers. These
classes are designed to refresh and update the training taught during basic training, in addition to preparing
couriers for demonstrations or armed attacks. Subjects such as team tactics, terrorist tactics, and new adversary
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technology are taught. In addition, physical and firearm proficiency is tested. Couriers must continue to meet
periodic qualification requirements relative to firearms, physical fitness, and driving proficiency. They must also
undergo and pass an annual medical examination for continued certification under the DOE Personnel
Assurance Program. In addition, couriers are subject to DOE’s randomized drug and alcohol testing program.
If a courier fails to meet any of the minimum requirements necessary for courier certification, the individual is
temporarily removed from active status and provided additional training until demonstrated performance

reaches an acceptable level.

The TSD has a liaison program through which it communicates with law enforcement and public safety agencies
throughout the country, making them aware of these shipments. TSD has established procedures should an SST
be stopped by an officer. The liaison program provides law enforcement officers information to assist them in
recognizing one of these vehicles should it be involved in an accident, and what actions to take in conjunction
with the actions of the couriers in the rig and the escort vehicles. Through the liaison program, TSD offers in-

depth briefings at the State level (DOE 1993ff:1-4).
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Appendix H
High-Level Waste Forms Comparative Analysis

H.1 METHODOLOGY

This appendix evaluates various plutonium (Pu) forms for potential disposal in a geologic repository. Although
a repository site has not yet been recommended for development by the President and approved by Congress,
this programmatic environmental impact statement (PEIS) assumes (for analysis purposes only) the existence
of a hypothetical repository, managed by the Department of Energy (DOE) Office of Civilian Radioactive Waste
Management, at the Yucca Mountain Site in southern Nevada. In accordance with the Nuclear Waste Policy Act
(NWPA) of 1982, as amended by the NWPA Amendments of 1987 (42 USC 10101), DOE is evaluating the
suitability of the Yucca Mountain Site as a potential geologic repository for the disposal of spent nuclear fuel
and high-level waste (HLW). Such a repository, if approved under the provisions of the NWPA, would serve
primarily as the disposal site for commercial and DOE-owned spent nuclear fuel and HLW. Certain highly
radioactive material, which the Nuclear Regulatory Commission (NRC) determines by rule requires permanent
isolation, may also be disposed of as HLW in a geologic repository. Such a NRC determination or legislative
clarification may be required to dispose of the immobilized forms that would result from the Immobilization
Alternatives. Since no waste forms are currently licensed for disposal in an HLW repository, data for forms
under consideration in this PEIS for ultimate disposal in a repository are compared to data for those forms
currently being evaluated for disposal in an NWPA-licensed repository (that is, commercial and DOE-owned
spent nuclear fuel and vitrified HLW). The Environmental Protection Agency has specified that vitrification is
the best demonstrated available technology for HLW (55 FR 22627). This approach implies that if the behavior
of the Pu forms in a repository is the same or better than the commercial spent nuclear fuel or HLW, and if a
repository can be licensed for commercial spent nuclear fuel and HLW, then it is possible that the proposed Pu
forms could also be disposed in a repository. [Text deleted.] Due to the great amount of data and information
available, U-based commercial spent nuclear fuel and vitrified HLW are used for the basis of the comparison.

If the DOE HLW Program changes its approach for disposal of commercial spent nuclear fuel, if the timeframe
for acceptance of forms into the program is significantly delayed beyond Pu disposition requirements, or if the
Pu immobilized forms or mixed oxide (MOX)-based spent nuclear fuel resulting from Pu disposition
alternatives are determined to be unacceptable to a licensed repository, then DOE would analyze the impacts of
continued storage of immobilized Pu or MOX-based spent nuclear fuel in a tiered National Environmental
Policy Act of 1969 (NEPA) document. Simultaneously, DOE will continue its efforts to site and construct a
repository that meets the requirements of the NWPA.

This appendix contains a comparative analysis of five Pu forms: (1) immobilized Pu and other radionuclides in
borosilicate glass, (2) immobilized Pu and other radionuclides in ceramic disks, (3) boiling water reactor (BWR)
MOX-based spent nuclear fuel, (4) pressurized water reactor (PWR) MOX-based spent nuclear fuel, and
(5) immobilized Pu and other radionuclides in glass-bonded zeolite (GBZ). The purpose of this feasibility
analysis is to compare the performance of these Pu forms against those currently being considered for disposal
in a repository. The comparison for these Pu forms is based on information in the Report on Evaluation of
Plutonium Waste Forms For Repository Disposal. Further, since the NWPA (as amended) identifies Yucca
Mountain, Nevada, as the only location for repository site characterization studies, all candidate waste form
performance analyses assume the same geological conditions (unsaturated tuff) as that site.

For each alternative, the total number of additional, if any, waste packages that would be added to the
approximately 12,000 packages currently envisioned for the first HLW repository is small enough that any
changes in emplacement could be accommodated within the design ratings of such a repository.
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H.2 GLASS FORM WITH RADIONUCLIDES

The Pu-loaded glass form is assumed to be fabricated in a new facility using borosilicate glass as the vitrified
matrix with the radioactive Cs isotope (Cesium-137) mixed in to provide a source of radiation as a barrier to
theft and diversion. This PEIS analyzes only gadolinium (Gd) although boron and lithium neutron absorbers
present in the borosilicate glass could be supplemented with samarium or other neutron absorbers.

H.2.1 ASSUMPTIONS

Figure H.2.1-1 shows the waste package containing the glass forms. For the purposes of the PEIS analyses, the
following assumptions have been made:

» The waste is packaged as shown in Figure H.2.1-1.

* Molten glass is poured into stainless steel canisters to form encased glass logs that are similar to the
Defense Waste Processing Facility (DWPF) glass logs and canisters.

* Each transportation cask holds five of these canisters; each disposal waste package holds four of
these canisters.

H.2.2 CHARACTERISTICS

Each proposed glass log from a vitrification facility process consists of 1,540 kilograms (kg) (3,387 pounds [1b])
of borosilicate glass in a stainless steel canister containing 84 kg (185 1b) Py, 1 kg (2.2 Ib) Cs-137, and 55 kg
(122 Ib) Gd. The Gd, together with the boron and lithium in the glass, acts as a neutron absorber. Other than the
addition of Pu, Cs, and Gd, the composition of this glass is assumed to be similar to the borosilicate glass
candidate waste form in production at the DWPF at Savannah River Site.

H.2.3 COMPARATIVE ANALYSIS

Regulatory. Any waste form that is accepted for disposal in an HLW geologic repository must comply with the
provisions of the NWPA, as amended. According to Section 2(12)A of the NWPA, the definition of HLW does
not explicitly include Pu loaded into borosilicate glass. However, under Section 2(12)B of the NWPA, the NRC
has the authority to classify this waste as HLW through rulemaking. Such rulemaking or clarification in
authorizing legislation will be necessary before this waste form can be considered for disposal in an NWPA
repository. The final disposal of this waste form will have to conform to the licensing provisions of 10 CFR 60.
Further, it is current policy of the DOE not to accept into the first HLW repository any wastes that include
components regulated as hazardous under the Resource Conservation and Recovery Act (RCRA) (DOE
1995a:6). The absence of any RCRA-regulated hazardous materials in the final glass form would have to be
demonstrated prior to acceptance into the HLW repository.

Criticality. The effective neutron multiplication factor (keg) for the intact glass form, assuming credit for the
neutron absorbers during the post-closure period, is calculated to be to less than 0.3, which is well below the
0.95 maximum value of kg allowed (10 CFR 60).

Thermal. As shown in Figure H.2.3-1, the results of a thermal analysis of a waste package containing four Pu
glass logs indicate that the peak temperature reached by the glass package is about 200 degrees Centigrade (°C)
(~400 degrees Fahrenheit [°F]), which is within 5 percent of the peak temperature predicted for the glass logs
from the DWPF. These predicted temperatures are far lower than, and therefore safely away from, the glass
transition temperature of 400 °C (750 °F). Such small differences in temperature and thermal output are unlikely
to materially affect the thermal balance of any repository.
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Figure H.2.3-1. Thermal Comparison of Plutonium-Loaded Glass Waste Package Versus Defense
Waste Processing Facility Glass Waste Package.

Radiation. A comparison between the DWPF glass and the glass containing Pu shows that the radiation dose
at the waste package surface is 81 roentgen equivalent man (rem)/hour (hr) for the DWPF glass compared to
129 rem/hr for the Pu glass. This Pu-glass radiation is above the threshold value for radiolytic corrosion. A
0.4 centimeters (cm) (0.16 inches [in]) additional thickness of the copper-nickel (Cu-Ni) alloy waste package
outer barrier would be required to reduce the radiation to an acceptable (100 rad [radiation absorbed dose]/hr)
level to protect the waste package from radiolysis-induced corrosion. Additional shielding is also required to
protect workers. Doses at a distance of 2 meters (m) (6.6 feet [ft]) from the waste package surface show values
of 12.5 rem/hr for the DWPF glass and 25 rem/hr for the Pu glass. For emplacement in the repository, only 5 cm
(2 in) of lead thickness and 0.5 cm (0.2 in) of borated polyethylene neutron shielding must be added to the waste
package underground transporter to reduce the radiation doses to meet the standard allowable dose of
10 millirem/hr at 2 m (7 ft) from lateral outer surfaces (49 CFR 173.441) to ensure worker protection. An
alternative approach to accommodating the higher radiation from the Pu-loaded glass would be to reduce the
number of canisters per waste package or the quantity of Cs-137.

Releases.The peak doses from a repository that contains commercial spent nuclear fuel, vitrified HLW, and Pu
immobilized in borosilicate glass are the same as from a repository that contains only commercial spent nuclear
fuel and vitrified HLW, for periods up to one million years (DOE 1996d:4-12). These results are to be expected
since the quantity of Pu glass is small compared to the quantity of spent nuclear fuel in the repository.

H.3 CERAMIC IMMOBILIZED FORMS WITH RADIONUCLIDES

The Pu-loaded ceramic matrix form is assumed to be fabricated in a new facility. As in the vitrification
alternative, Cs-137 is mixed in to provide a source of radiation, and Gd acts as a neutron absorber.

H.3.1 ASSUMPTIONS

Figure H.3.1-1 shows the waste package containing the ceramic forms. For the purposes of the PEIS analyses,
the following assumptions have been made:
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* The waste is packaged as shown in Figure H.3.1-1.

e Ceramic disks will be stacked inside stainless steel canisters. These canisters are similar to the
DWPF canisters.

 Each disposal waste package holds eight of these canisters.
H.3.2 CHARACTERISTICS

Each canister of the proposed waste form contains 20 ceramic disks; each disk is approximately 30 cm (12 in)
in diameter, and 10 cm (4 in) thick. Each disk has stainless steel plates added to the top and bottom, and a
stainless steel shell around the curved surface. The disks are stacked vertically in a stainless steel canister
approximately 2.5 m (8 ft) long, and 35 cm (14 in) in diameter. The ceramic disks consist of zirconolite,
hollandite, and rutile. For each disk, the zirconolite incorporates 2.6 kg (6.0 Ib) of Gd, and the hollandite
incorporates 4.0 kg (9.0 1b) of Pu and 0.07 kg (2.0 oz) of Cs-137. The space surrounding the stack of disks inside
the canister is filled with titanium oxide powder.

H.3.3 COMPARATIVE ANALYSIS

Regulatory. Any waste form that is accepted for disposal in an HLW geologic repository must comply with the
provisions of the NWPA, as amended. According to Section 2(12)A of the NWPA, the definition of HLW does
not explicitly include Pu loaded into a ceramic matrix. However, under Section 2(12)B of the NWPA, the NRC
has the authority to classify this waste as HLW through rulemaking. Such rulemaking or clarification in
authorizing legislation would be necessary before this waste form can be considered for disposal in an NWPA
repository. The final disposal of this waste form will have to conform to the licensing provisions of 10 Code of
Federal Regulations (CFR) 60. Further, it is current policy of the DOE not to accept into the first HLW
repository any wastes which include components regulated as hazardous under RCRA (DOE 1995a:6). The
absence of any RCRA-regulated hazardous materials in the final ceramic form would have to be demonstrated
prior to acceptance into the HLW repository.

Criticality. Preliminary criticality calculations for the intact ceramic waste package, under dry or flooded
conditions, and assuming credit for the Gd neutron absorber, yields k. values of less than 0.7, which is below
the 0.95 maximum value of k¢ allowed (10 CFR 60).

Thermal. As shown in Figure H.3.3-1, the results of a thermal analysis of Pu-loaded ceramic waste packages
shows that peak temperatures are around 200 °C (~400 °F), declining as a function of time. Ceramic, unlike
glass, does not have a transition temperature because it is a crystalline material. The lowest melting point
temperature for the oxides of this ceramic material is around 1800 °C (3270 °F). Therefore, the calculated peak
temperatures are unlikely to affect the ceramic matrix. Further, the temperature differences between the ceramic
waste package and the DWPF HLW glass waste package are negligibly small.

Radiation. A comparison between the DWPF HLW glass and the Pu-loaded ceramic shows that the radiation dose
at the waste package surface is 81 rem/hr for the DWPF glass compared to 309 rem/hr for the ceramic. The
radiation level for the ceramic form is above the threshold value for radiolytic corrosion. Consequently, a 1-cm
(0.4-in) additional thickness of the Cu-Ni alloy waste package outer barrier would be required to reduce the
radiation to an acceptable level (100 rad/hr) to protect the waste package from radiolytic corrosion. Additional
shielding is also required to protect workers. Doses at 2 m (6.6 ft) from the package surface show values of
12.5 rem/hr for the DWPF glass and 56.4 rem/hr for the ceramic. For emplacement in a repository, only 5 cm (2 in)
of lead thickness and 0.5 cm (0.2 in) of borated polyethylene neutron shielding must be added to the waste
package underground transporter to reduce the radiation doses to meet the standard allowable dose of 10 mrem/
hr at 2 m (7 ft) from lateral surfaces (49 CFR 173.441) to ensure worker protection. An alternative approach to
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Figure H.3.3-1. Thermal Comparison of Plutonium-Loaded Ceramic Waste Package Versus Defense
Waste Processing Facility Glass Waste Package.

accommodating the higher radiation fields from the Pu-loaded ceramic would be to reduce either the number of
canisters per package or the quantity of Cs-137.

Releases. The peak doses from a repository that contains commercial spent nuclear fuel, vitrified HLW, and Pu
immobilized in ceramic are the same as from a repository that contains only commercial spent nuclear fuel and
vitrified HLW, for periods up to one million years. The difference in dose rates is insignificant between these
two cases (DOE 1996d:5-12). These results are to be expected since the quantity of Pu in ceramic is small
compared to the quantity of spent nuclear fuel in the repository.

H.4 BOILING WATER REACTOR—MIXED OXIDE BURNING REACTOR SPENT
NUCLEAR FUEL FORM

Boiling water reactors are used in existing commercial power generation; therefore, the BWR form of the MOX
spent nuclear fuel could be the output product from both the Existing LWR Alternative and the Partially
Completed LWR Alternative if the latter is consistent with the BWR design. The performance of this MOX spent
fuel is compared to the corresponding commercial BWR uranium-based boiling water reactors spent nuclear
fuel.

H4.1 ASSUMPTIONS
For the purposes of the PEIS analyses, the following assumptions have been made:
e The Pu will be fabricated into MOX nuclear reactor fuel and used for power generation in four
boiling water reactors and allowed to cool at the reactor site(s) in the spent fuel pcols for at least 10

years before shipment to a repository.

 The spent fuel will be emplaced in large (40 BWR assembly) waste packages for emplacement in a
repository.
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H.4.2 CHARACTERISTICS

The MOX spent fuel assembly from existing BWRs will have the following characteristics: (1) total Pu of 3.4 kg
(7.5 1b), (2) Pu-239 to total Pu ratio of 0.4, (3) total heavy metal content of 172 kg (379 1bs), and (4) burn up of
37.6 gigawatt-days (GWd)/ton (t) of heavy metal. Radiation is analyzed using neutron and gamma source
strengths by energy group.

H.4.3 COMPARATIVE ANALYSIS

Regulatory. An HLW repository, if approved under the provisions of the NWPA, would serve primarily as the
disposal site for commercial spent nuclear fuel and defense-generated HLW. The MOX spent fuel that would be
generated by this alternative falls within the definition of “spent nuclear fuel” per Section 2(23) of the NWPA
and could, therefore, be considered a candidate for disposal in an NWPA repository. Licensing for the disposal
of this MOX spent fuel form must follow the provisions of 10 CFR 60.

Criticality. Figure H.4.3—-1 compares the results of the criticality analyses for a waste package containing all
MOX spent fuel with one containing U-based spent fuel. The k¢ for the MOX spent fuel is below that of
U-based fuels and well below the 0.95 maximum value allowed for k¢ (10 CFR 60).

Thermal. Figure H.4.3-2 shows the results of a thermal analysis of the MOX spent fuel element in a fully
loaded, emplaced waste package. The peak cladding temperature is below the 350 °C (662 °F) limit required to
maintain cladding integrity. Calculations also indicate that for the first 100 years the MOX cladding temperature
continues to be lower than that of the corresponding U-based spent fuel. The slightly higher temperatures
beyond the 100 years are so small as to have a negligible affect on the thermal balance of any repository.
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Figure H.4.3-1.  Effective Multiplication Factor (k.g) of a Boiling Water Reactor Spent Fuel
Waste Package.
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Figure H4.3-2. Thermal Comparison of Peak Cladding Temperature of Boiling Water Reactor Fuel
Element Versus Uranium-Based Reactor Fuel Element.

Radiation. Radiation calculations predict that the unshielded dose rates at a distance of 2 m (6.6 ft) are slightly
higher for the waste packages containing MOX fuel than for those containing uranium-based fuels. The gamma
radiation dose for the MOX fuel is 5 rem/hr versus 4 rem/hr for the U-based fuel. The neutron radiation dose is
1.54 rem/hr for the MOX as versus to 0.8 rem/hr for the uranium fuel. The higher radiation doses can be
accommodated by increasing the transporter shielding thickness by 0.125 cm (0.05 in) of lead for the gamma
radiation, and 1.25 cm (0.5 in) of boron-polyethylene for the neutron radiation.

Releases. The calculated doses for just the waste packages of MOX-based spent fuel are 100 times less than
that for a repository that contains both MOX and (U-based) commercial spent nuclear fuels (DOE 1996d:3-8).
These results support the conclusion that the performance of the repository is dominated by the presence of
(U-based) commercial spent nuclear fuel and is expected since the quantity MOX-based spent nuclear fuel is
small compared to the larger quantity of commercial spent nuclear fuel in the repository.

H.5 PRESSURIZED WATER REACTOR—MIXED OXIDE BURNING REACTOR SPENT
NUCLEAR FUEL FORM

For the Evolutionary LWR Alternative, a PWR could be the design for burning MOX fuel. PWRs are used in
existing commercial power plants; therefore, the PWR form of the spent MOX nuclear fuel could be the output
product from the Evolutionary LWR Alternative, Existing LWR Alternative, and the Partially Completed LWR
Alternative if the latter reactors are consistent with the PWR design. The performance of this MOX spent
nuclear fuel is compared to the corresponding U-based PWR spent nuclear fuel.

H.5.1 ASSUMPTIONS
For the purposes of the PEIS analyses, the following assumptions have been made:

» The Pu will be fabricated into MOX nuclear fuel and used for power generation in two PWRs and
allowed to cool at the reactor site(s) in the spent fuel pools for at least 10 years before shipment to
a repository.

 The spent fuel will be emplaced in large waste packages for emplacement in a repository.
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H.5.2 CHARACTERISTICS

The MOX spent fuel assembly from an evolutionary PWR will have the following characteristics: (1) total Pu
of 20 kg (44 1b), (2) Pu-239 to total Pu ratio of 0.6, (3) total heavy metal content of 410 kg (900 Ibs), and (4)
burn up of 43 GWd/t of heavy metal. Radiation is analyzed using neutron and gamma source strengths by energy

group.
H.5.3 COMPARATIVE ANALYSIS

Regulatory. An HLW repository, if approved under the provisions of the NWPA, would serve primarily as the
disposal site for commercial and DOE-owned spent nuclear fuel and HLW. The MOX spent fuel that would be
generated by this alternative falls within the definition of “spent nuclear fuel” per Section 2(23) of the NWPA
and could, therefore, be considered a candidate for disposal in an NWPA repository. Licensing for the disposal
of this MOX spent fuel form must follow the provisions of 10 CFR 60.

Criticality. Calculations for a MOX PWR spent fuel waste package show that to maintain a value below the
0.95 maximum value allowed for k.g (10 CFR 60), the waste package can hold only four assemblies. This
calculation assumed no additional criticality control technology. Should such technology be applied (for
example, disposable control rod assemblies were added to the waste packages) calculations show that 21
assemblies could be loaded in each waste package. For either the 4 or 21 assemblies/waste package case, the
kefr value is expected to decline with time in a manner similar to that of the BWR spent fuel waste package as
shown in Figure H.4.3~1.

Thermal. Figure H.5.3-1 shows the results of a thermal analysis of the MOX PWR spent fuel. The peak
cladding temperature is below the 350 °C (662 °F) limit required to maintain cladding integrity. For the first 100
years the temperature also remains lower than that of the corresponding U-based spent fuel. The additional heat
from all the spent nuclear fuel packages produced by the PWRs would be so small as to have a negligible affect
on the thermal balance of any repository.

Radiation. Radiation calculations for the 21-assembly MOX PWR waste package shows that the higher dose
rates from the MOX package (compared to the package containing U-based spent fuel) can be easily
accommodated by increasing the transporter shielding thickness by 0.4 cm (0.16 in) of lead for the gamma
radiation, and 1.25 cm (0.5 in) of boron-polyethylene for the neutron radiation. The shielding thickness
requirements for a four-assembly package will be less than these values.

Releases. The calculated doses for just the waste packages of MOX-based spent fuel are 100 times less than
that for a repository that contains both MOX and (U-based) commercial spent nuclear fuel (DOE 1996d:6-7).
These results support the conclusion that the performance of the repository is dominated by the presence of
(U-based) commercial spent nuclear fuel and is expected since the quantity of MOX-based spent fuel is small
compared to the larger quantity of commercial spent fuel in the repository.

H.6 GLASS-BONDED ZEOLITE FORM
The Pu-loaded GBZ form is assumed to be fabricated in an electrometallurgical treatment process and has

characteristics for long term disposability in a repository that are similar to the borosilicate glass produced in
the DWPF (DOE 1996d:4-1). The GBZ waste form constitutes another immobilization alternative which would

require disposal in a repository.
H.6.1 ASSUMPTIONS

For the purposes of the PEIS analyses, the following assumptions have been made:
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Figure H.5.3-1. Thermal Comparison of Peak Cladding Temperature of Pressurized Water Reactor
Fuel Element Versus Uranium-Based Reactor Fuel Element.

* The waste form is packaged in DWPF-like canisters.

* Each transportation cask holds five of these canisters; each disposal waste package holds four of
these canisters.

H.6.2 CHARACTERISTICS

The GBZ will be prepared by sorbing a molten chloride Pu salt on an anhydrous zeolite, which is then blended
with a glass frit. The whole mixture is heated in a mold to above the glass transition temperature and pressed to
bond the zeolite to the glass. The chemical constituents of the waste form are as follows: 52 kg (114 lbs) of Py,
21 kg (46 1bs) of Gd, 5 kg (11 Ibs) of Cs, 364 kg (800 Ibs) of zeolite, and 520 kg (1,144 bs) of borosilicate glass.
The remainder is made up of bartum, lithium, potassium, sodium, and chlorides.

H.6.3 COMPARATIVE ANALYSIS

Regulatory. Any waste form that is accepted for disposal in an HLW geologic repository must comply with the
provisions of the NWPA, as amended. According to Section 2(12)A of the NWPA, the definition of HLW does
not explicitly include Pu loaded into GBZ. However, under Section 2(12)B of the NWPA, the NRC has the
authority to classify this waste as HLW through rulemaking. Such rulemaking or clarification in authorizing
legislation will be necessary before this waste form can be considered for disposal in an NWPA repository. The
final disposal of this waste form will have to conform to the licensing provisions of 10 CFR 60. Further, it is
current policy of the DOE not to accept into the first HLW repository any wastes that include components
regulated as hazardous under RCRA (DOE 1995a:6). The absence of any RCRA-regulated hazardous materials
in the final GBZ form would have to be demonstrated prior to acceptance into the HLW repository.
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Criticality. Preliminary criticality calculations show the Pu-loaded GBZ in a dry, intact configuration has a k¢
of less than 0.2, which is less than the borosilicate glass form primarily because of the lower total Pu content of
each waste package containing the GBZ. The k¢ values for the GBZ under flooded conditions are less than half
the 0.3 value (0.13) calculated for the borosilicate glass form and well below the 0.95 maximum value allowed
for ke¢r (10 CFR 60).

Thermal. Because the Pu concentration in a waste package containing Pu-loaded GBZ canisters is 80 percent
of the Pu concentration in a package containing Pu-loaded borosilicate glass, and because the peak temperature
reached by borosilicate glass is below the 400 °C (750 °F) glass transition value, the peak temperature for the
GBZ is also expected to be below the 400 °C (750 °F) glass transition temperature. More specifically, the lower
Pu content of the GBZ means that the heat generation at 40 years and beyond would be much smaller than for
the Pu-loaded borosilicate glass.

Radiation. A comparison between the DWPF HLW glass and the Pu-loaded GBZ shows that the radiation dose
at the waste package surface is 81 rem/hr for the DWPF glass compared to 120 rem/hr for the Pu-loaded GBZ.
Since the radiation level for GBZ is above the threshold value of 100 rads/hr for radiolytic corrosion, the waste
package outer barrier thickness would need to be increased by 0.3 cm (0.11 in). Additional shielding is also
required to protect workers. The dose rate at 2 m (6.6 ft) from the waste package is 23 rem/hr for the GBZ versus
12.5 rem/hr for DWPF glass. As in the case for the Pu-loaded borosilicate glass form, the addition of 5 cm (2 in)
of lead shielding to the underground transporter would reduce the radiation doses to meet the standard allowable
dose of 10 mrem/hr at 2 m (6.6 ft) from lateral outer surfaces (49 CFR 173.441) to ensure worker protection.

Releases. The peak doses from a repository that contains commercial spent nuclear fuel, vitrified HLW, and Pu
immobilized in GBZ are the same as from a repository that contains only commercial spent nuclear fuel and
vitrified HLW, for periods up to 1 million years (DOE 1996d:7-9). These results are to be expected since the
quantity of Pu in GBZ is small compared to the quantity of spent nuclear fuel in the repository.
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Appendix I
Changes in Canadian Deuterium
Uranium Reactor Operations

Ontario Hydro operates 20 Canadian Deuterium Uranium (CANDU) reactors capable of using mixed oxide
(MOX) at five nuclear generating stations in the Province of Ontario. Eight of these units are located at the
Bruce-A and Bruce-B Nuclear Generating Stations, a 930-hectare (2,300-acre) site on Lake Huron about
300 kilometers (186 miles) northeast of Detroit, Michigan. The Bruce-A Nuclear Generating Station, which
contains four 769-megawatt electric reactors, a common powerhouse with four turbine generators, a heavy water
plant, a process steam transformer plant, a central services area, pumphouses, standby generators, and other
support facilities, is used as the reference site for the disposition alternative evaluation. One or up to four of these
units could be used for Plutonium (Pu) disposition for this alternative. The reference reactor MOX fuel cycle,
adapting the standard CANDU fuel bundle in the four reactors, would dispose of approximately 2 metric tons/year
(/yr) of Pu (2.2 short tons [tons]/yr) and eliminate the mining and refining of approximately 6,000 t/yr (6,600 tons/
yr) of uranium ore. The use of the CANDU reactors would be subject to the approval, policies, and regulations of
the Canadian Federal and Provincial Governments. The fuel cycle is depicted in Figure I-1.

An alternate fuel bundle design using uranium fuel (the CANFLEX fuel bundle), which is currently undergoing
reactor qualification, might be used. This fuel bundle has smaller diameter elements in the outer rings that would
operate at a lower linear power rating, permitting higher Pu concentrations. Both designs have essentially the
same Pu disposition capacity. The design is expected to reduce the number of fuel bundles and waste volumes
by half.

The Bruce-A Nuclear Generating Station was selected as the reference plant for the following reasons:

 The reactor is designed without thermal neutron absorbing control rods to flatten power distribution
in the central region of the core, a desirable attribute relative to thermal power margins. MOX fuel
would perform in the same manner as natural uranium fuel in flattening the power distribution.

* The site is a base-load station that will maximize fuel consumption since reactors operate
continually at or near their full load capability.

» The site is remote from population centers, yet relatively close to U.S.-Canadian border crossings
for the shipment of MOX fuel from the United States.

* The site has current International Atomic Energy Agency approved safeguards and a Perimeter
Intrusion Detection and Assessment System.

Reactor. Instead of a single large pressure vessel, the reference CANDU reactor has a horizontal, cylindrical,
heavy water-filled, calandria tank containing 480 fuel channel assemblies (also referred to as tubes) and
reactivity control units. Replacement of these tubes, “retubing,” corresponds to core replacement in other
reactors. The heavy water is the neutron moderator and reflector. This entire assembly is contained in the light
water-filled shield tank to form an integral structure that provides operational and shutdown shielding.

Each fuel channel assembly consists of a zirconium-niobium alloy pressure tube contained within a zircaloy-2
calandria tube that provides a gas-filled, thermally insulated annulus separating the high pressure and high
temperature heavy water coolant in the pressure tube from the low pressure and low temperature heavy water
moderator in the calandria. Reactor neutron and gamma flux is attenuated through a latched steel shield plug
mechanism inside the end fitting.
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Changes in Canadian Deuterium
Uranium Reactor Operations

Heat is removed by circulating heavy water coolant from the fuel channels to the steam generator, where it is
transferred to the light water side. This system includes circulating pumps, headers, feeder pipes, the primary
side of the steamn generators, and preheaters. During operation, pressure is maintained by steam bleed valves
connected to the pressurizer and immersion heaters within the pressurizer vessel.

The heavy water moderator circulates through the calandria and is cooled by heat exchangers. Moderator
chemistry is maintained by the ion-exchange columns of the moderator purification circuit. Helium is the
moderator cover gas.

Fourteen compartments within the reactor function as light water zone control units. These zones contain
volumes of water, which are used to control reactor power. Self-powered, in-core neutron flux detectors located
in each zone, along with channel thermal measurements, are used for power measurements by the reactor
control system. On-power refueling and soluble neutron-absorbing material in the heavy water provide long-
term reactivity control.

Steam from the secondary side of the steam generators is transferred to steam drums where it is routed to turbine
generators. The turbines are tandem-compound, single-shaft machines that drive electrical generators. Each
turbine has a double-flow, high-pressure chamber that discharges to a steam reheater that raises steam
temperature for three double-flow, low- pressure chambers.

Fuel Handling and Storage. CANDU reactors can be refueled on-line. Operator consoles remotely control the
fueling operation. A fueling duct traversed by two sets of transport trolley rails is used to move fresh MOX fuel
to each reactor. In their loading area, new fuel bundles are placed in fueling machines that then pass through the
containment wall port to fueling machine heads. At the reactor, the loading head is aligned with, and locks onto,
the selected fuel channel end fitting. The loading head inserts new fuel bundles two at a time. At the other end
of that channel, fuel bundles are displaced into a spent fuel head. After the required number of bundles has been
placed in the channel the loading head is unlocked. This procedure is repeated until the designated channels are
fueled. The irradiated fuel is discharged to the primary irradiated fuel storage bay. The spent fuel is stored here
for a minimum of 6 months before it is transferred to the secondary irradiated fuel storage bay. The primary
irradiated fuel storage bay can store 4 reactor years of fuel at an 80-percent capacity factor, while the storage
capacity of the secondary bay is approximately 64 reactor years.

[Text deleted.]
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Appendix J
Applicable Laws, Regulations, and Other Requirements

Compliance With Statutes, Regulations, and Other Associated Orders

Appendix J identifies the compliance requirements associated with the proposed action as specified by the major
Federal and State Environment, Safety, and Health (ES&H) statutes, regulations, and orders.

Introduction and Purpose

This appendix provides enough information concerning the environmental standards and statutory requirements
that impact the various alternatives for long-term storage and disposition of weapons-usable fissile materials to
help make programmatic-level decisions. These statutes and regulations provide the standard with which the
ability of candidate sites to meet ES&H requirements and the ability to obtain required Federal and State permits
and licenses necessary to implement such decisions may be calculated. This appendix first provides an historical
background on environmental protection at nuclear weapons production facilities. It then presents some of the
more important requirements associated with the proposed action by identifying the applicable ES&H statutes,
regulations, and orders. These are found in Federal and State statutes, regulations, permits, and approvals, as
well as in Executive and Department of Energy (DOE) Orders. The remainder of this appendix explains the
concept of shared Federal and State enforcement and summarizes compliance with occupational safety and
health and environmental justice.

Compliance with the applicable requirements of each of the major ES&H statutes, regulations, and orders
identified would allow DOE to construct and operate long-term storage and disposition facilities to meet such
requirements. Sites have been selected for analysis as long-term storage locations. In contrast, since some of the
proposed disposition alternatives are currently not tied to any one particular location, a “generic” site will be
used for analysis. To be environmentally sound, programmatic decisions must also address the ES&H planning
considerations described in Section 3.3 of the Nuclear Weapons Complex Reconfiguration Study
(DOE/DP-0083). These considerations must also be met in order for the long-term storage and disposition
alternatives to meet future ES&H requirements and to accomplish the mission in a timely and cost-effective
manner.

Background

Since the majority of the past Complex facilities were constructed in the 1940s and 1950s, before the advent of
today’s environmental and worker health requirements, safety and the ability to satisfy national security
requirements played the dominant roles in the design and operation of major industrial plants. However, with
the emergence of an awareness of environmental and health-related issues and the enactment of environmental
and worker health programs, DOE shifted a great deal of its resources into programs designed to achieve
compliance with all applicable Federal, State, and local ES&H requirements. Today, many government agencies
at the Federal, State, and local levels have regulatory authority over DOE’s facility operations. DOE has entered
into enforceable compliance agreements with the regulators at most of its facilities. These agreements detail
specific programs, funding levels, and schedules for achieving compliance with applicable ES&H statutory and
regulatory requirements. Because most of these agreements are constantly changing as subject agreements are
completed, eliminated, or revised, a list has not been compiled for this programmatic environmental impact
statement (PEIS).

All newly constructed and modified facilities must comply with the increasing number and complexity of
environmental regulations. It is difficult to make facilities that are more than 40 years old comply quickly with
constantly changing requirements. These older facilities generally do not meet all current standards for seismic
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design, fire protection, and environmental protection (for example, air emissions, liquid effluents, and the
management of solid and hazardous wastes). However, these facilities would be modernized to meet all
applicable ES&H requirements now and into the 21st century, and a system would be developed to adequately
manage the wastes generated by these facilities regardless of the proposed action addressed in this PEIS.

Environmental Statutes, Orders, and Agreements

The Atomic Energy Act (AEA) of 1954 authorizes DOE to establish standards to protect health and minimize
dangers to life or property with respect to activities under its jurisdiction. The Nuclear Regulatory Commission
(NRC) is charged under the AEA and the Energy Reorganization Act of 1974 with jurisdiction over commercial
reactor construction and operation. NRC also licenses and regulates the possession, use, transportation, and
disposal of radioactive materials, including wastes. NRC and Federal agencies such as the Department of
Transportation also periodically review and revise their regulations to bring them generally to the same level as
International Atomic Energy Agency regulations (Safety Series No. 6, revised 1990). This agency, under the
United Nations, establishes standards for radioactive materials transportation. The Environmental Protection
Agency (EPA), under authority of the AEA, has set radiation protection standards such as Environmental
Radiation Protection Standards for Nuclear Power Operations (40 CFR 190). Most environmental regulations
can be found under 40 Code of Federal Regulations (CFR). Because of their length, and for ease of reading, all
tables in this chapter are presented consecutively at the end of the text. Table J-1 lists the applicable Federal
environmental statutes, regulations, and Executive Orders, and also identifies the associated permit, approval,
and consultation requirements generally required to implement an alternative for long term storage or
disposition. Except for limited Presidential exemptions, Federal agencies must comply with all applicable
provisions of Federal environmental statutes and regulations, in addition to all applicable State and local
requirements. DOE is committed to complying fully with all applicable environmental statutes, regulatory
requirements, and Executive and internal orders. Table J-2 lists the potential requirements imposed by the major
State environmental statutes and regulations applicable to this predecisional PEIS. These requirements apply to
Federal activities within the jurisdiction of the enforcing authority. Table J-2 identifies the permits, approvals,
and consultations generally required to implement an alternative for long-term storage or disposition in
accordance with State statutes and regulations. Table J-3 lists selected DOE ES&H Orders that apply to all sites,
but which may affect each site differently. Table J—4 lists applicable NRC guidelines for the processing, use,
transportation, and disposal of radioactive materials, including water.

Federal and State Environmental Enforcement

Some environmental regulatory programs are enforced through review, approval, and permitting requirements
that attempt to minimize the negative impact of potential pollution sources’ releases to the environment by
limiting activities to established standards. Federal and State agencies share environmental regulatory authority
over DOE'’s facility operations when Federal legislation delegates permitting or review authority to qualifying
States. Some examples are the National Emission Standards for Hazardous Air Pollutants and the Prevention of
Significant Deterioration under the Clean Air Act; the Water Quality Standards and the National Pollutant
Discharge Elimination System under the Clean Water Act; the Hazardous Waste Programs under Resource
Conservation and Recovery Act (RCRA); and the Drinking Water and Underground Injection Control Programs
under the Safe Drinking Water Act. When Federal legislation allows enforcement authority to be delegated,
States must set standards equal to or more stringent than those required by Federal law to obtain such authority.
However, when Federal legislation does not allow enforcement authority to be delegated to the States (for
example, the Toxic Substance Control Act), the standards are administered and enforced solely by the Federal
Government.

Under various Federal environmental statutes (Table J-1), EPA may delegate the implementation and execution
of the laws’ various provisions to States with approved programs that are at least as stringent as the minimum
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Federal requirements contained in the laws and EPA regulations. Table J-2 lists many of the States’ laws and
regulations, including provisions that are more stringent than the minimum requirements. In addition, the
Federal Facility Compliance Act of 1992 waives sovereign immunity from the enforcement of RCRA at Federal
facilities and thereby gives States the authority to assess fines and penalties under certain conditions.

Compliance with Occupational Safety and Health Requirements

The health and safety of all workers associated with the long-term storage and disposition alternatives is a
primary consideration in this PEIS. A comprehensive nuclear and occupational safety and health initiative was
announced by the Secretary on May 5, 1993, entailing closer consultation with the Occupational Safety and
Health Administration (OSHA) regarding regulation of workers’ safety and health at DOE’s contractor-operated
facilities. Regulation of workers’, health and safety at DOE’s contractor-operated facilities will gradually shift
from DOE to OSHA. The Occupational Safety and Health Act of 1970, (Public Law 91-596) establishes Federal
requirements for assuring occupational safety and health protection for employees. DOE’s facilities also comply
with the Emergency Planning and Community Right-To-Know Act (42 USC 11001), which requires facilities to
report the release of extremely hazardous substances and other specified chemicals, provide Material Safety
Data Sheets or lists thereof, and provide estimates of the amounts of hazardous chemicals onsite. The reporting
and emergency preparedness requirements are designed to protect both individuals and communities.

Workplace Safety. Operations at all DOE sites expose workers to occupational hazards during the normal
conduct of their work activities. Occupational safety and health training is provided for all employees at DOE
facilities and includes specialized job safety and health training appropriate to the work performed. Such
training also includes informing employees of their rights and responsibilities under the Occupational Safety
and Health Act of 1970; Executive Order 12196, which established OSHA Federal Agency Standards;
29 CFR 1960, The OSHA Federal Agency Standards, which describes the safety and health programs that
Federal agencies must establish and implement under Executive Order 12196; and DOE O 440.1, Worker
Protection Management for DOE Federal and Contractor Employees. DOE provides implementation guidance
in DOE O 440.1, including the requirements and guidelines for DOE employees.

DOE policy is the following:

* Provide places and conditions of employment that are as free as possible from recognized hazards
that cause or are likely to cause illness or physical harm

» Consider 29 CFR 1960 (OSHA Standards for Federal Agencies) requirements to be the minimum
standards for DOE employees

 Establish programs in safety and health training for all levels of Federal employees

* Assure that employees and employee representatives shall have the opportunity to participate in the
Federal Employee Occupational Safety and Health Program

Workplace Accidents. DOE O 451.1, National Environmental Policy Act Compliance Program; DOE
Order 5480.23, Nuclear Safety Analysis Reports; and DOE O 430.1, Life-Cycle Asset Management provide the
basis for reviewing all planned and existing constructions and operations for the potential for accidents and
assessing the associated human health and environmental consequences should an accident occur. The results
of these reviews are used as the basis for determining the need for controls or other mitigative actions to
eliminate or greatly reduce the potential for, and consequences of, an accident. These reviews are required
before authorization of construction or start of operation. These reviews identify hazards and analyze normal,
abnormal, and accident conditions. This analysis considers natural and manmade external events including fires,
floods, tornadoes, earthquakes, other severe weather events, human errors, and explosions. The sites associated
with the long-term storage and disposition proposal have complied with applicable DOE Orders.
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In accordance with DOE O 151.1, Comprehensive Emergency Management System, emergency response
planning and training are provided to mitigate the consequences of potential accidents. Additionally, should an
accident occur, the incident would be reported in accordance with DOE O 232.1, Occurrence Reporting and
Processing of Operations Information. The reports would also include appropriate corrective actions and
follow-up.

Worker Health. DOE’s contractor operations at each site expose workers to hazardous constituents. DOE
Orders require that site operations have programs for protecting workers. DOE Order 5400.5, Radiation
Protection of the Public and the Environment, and DOE O 440.1, Worker Protection Management for DOE
Federal and Contractor Employees, establish procedures for protecting workers against radiological and
hazardous materials, respectively. DOE O 232.1, Occurrence Reporting and Processing of Operations
Information, provides for reporting and guides appropriate corrective actions and follow-up should an exposure
occur.

Consequences of the Weapons-Usable Fissile Materials Storage and Disposition Proposal on Candidate Site
Workplace Safety and Accidents. Constructing and operating storage and disposition alternatives at potential
candidate sites would result in site workers’ increased exposure to industrial-type work hazards and accidents.
In addition, the workers’ level of risk in new construction increases in relation to the amount of changes required
for such activities. Although constructing such facilities could result in injuries or fatalities, it is projected that
the proposal for long-term storage and disposition will not cause any serious injuries or fatalities. All such
incidences would be under the auspices of OSHA laws and regulations. Before implementing a long-term
storage or disposition proposal at any site, however, the site’s ES&H staff would be notified that a new process
or facility is being planned, or that an existing process is being considered for change or modification to allow
the impact of the anticipated change on the work environment to be evaluated.

Appropriate measures would be implemented to minimize work hazards and accidents based on this early
evaluation. Once operational, as part of the Occupational Safety and Health Program at each site, ongoing
surveillance of the new or modified processes or activities would be performed to identify potential health
hazards. If potential health hazards are identified, a hazard evaluation would be conducted to determine the
extent of the hazard and if required, the recommended control measures. Where feasible, engineering controls
would be used to protect worker’s health and safety. Appropriate administrative controls and personal protective
equipment would supplement engineering controls.

J4



and Other Requirements

Applicable Laws, Regulations,

‘s1o1em ajqeSiaeu Sunoajje 1o ur yIom Io
$2JN1ONIS UTRLIID JZ1IOYINE O} pue SPUB[1aM IO SIajem d]qeSiaeu ojul

s1oouiduy

‘bas 19 10v OSN €€

6681 Jo 1oy suonpudosddy
S10qQIDY] pup S1341Y

/VMD 3O $0p uonoss)

[eLIgjeW ||y J0 paSpaip Jo 98reyssip oy} szuoyine o) situnad saxnboy o sdio) Auny ‘g el OSN €€ - [euaare 114 10 padpaiq
"paJalje ale s)uangja
ag1eyosip j1 pasnbai a1e suonesyipow Jiuuad {s19jemuniols pue (VMD Jo
s19)em doeuns o) (syuenjjod) sjuangya ad1eydssip 03 yiurad sannboy vda el OSN €€ 0¥ uondas) SAAJIN
"S13)em 9OBJINS 0) Sjuanyjo jo ageyosip Suipaedas syuuad jo $Q2IN0SIY
suoisiaold yim doueipdwos pue siusad panssi-9yel§ Jo ydg sannbay vda ‘bas 19 1621 DSN £€ VM) 1arem
-o1iqnd a2y jo £1aJes pue yjeay
ayy azipredoal 10u op jey) S[9A9] 3SIOU UrEIUIRW 0) SANI|Ide) sasinboy vdd ‘bas 12 106¥ DSN TH TL61 JO 12V jo41100) 3510\
‘JuawaIdul Sd 9y 199101d 01 suoneyw| uoissiwa Yuuoj Sumos
Kouafe ajeys ojqisuodsal o) woly yuLdd UONONNSUOD B JO ddURNSSI
ay) pue syoedwt Ayijenb are jJo maraar uononnsuosaid e sainbag
‘suonesyipout sofew pue (14 001 JO SUOISSIWI) SIIINOS AIRUOIIEIS
Jofew 03 ASojouyday, [onuo)) sjqejreay isog jo uonesijdde sy pue
Mmaraa1 uononysuosad aarsusyardwod sannbay ‘sprepueig Ajend
Iy juaiquiy [euoneN Yyim doueijdwiod uj a1e jey) seare o1 sajddy vdd ‘bas 10 LbL OSN TV asd
*30IN0S PayIpOW 10 M3U 3Y) WIOJJ J[NSAI [{IM 1Y)
SUOISSIW JO [3A3] Y} pue PaIapIsuod Suraq ssad01d sy} uo Jurpuadop
‘(eaoadde uononnsuodsaid e annbai Lew ‘syuenjjod srusFeinw
10 91u330UIdIBD JO S[9A3] UOISSIWS YlIM A[dusod 01 $301n0s sa1nbay] vdd ZIPL OSSN TP SdVHSAN
‘piepuels v
Aq passaippe £[[eoy1oads sa0In0s paytpout 10 mau 10j sjuswalinbas $20IN0G AIeUuonEl§ MON
Suidaoyp109a1 pue SpPIEPUE]S UOISSIWI/ONUOD SAYSI|qelsy] vdd 1YL DSN Ty 10} 95uUBULIONIS] JO spiepuel§
‘ue]d uonejuawdjdug
21B1g §,9181S YOBS Ul Pajeudisap se saanseawr uonodnpal/syuwi| sue|d uoneuawajdug
uoisstwa pue Ol pue ‘qd *tQ ‘0D ‘CON ‘COS Sutuiarod sprepuers 21BIG/Spiepuelg
Aijenb ite juaiquie £1epuosss pue Arewnid yum soueidwos sasinbay vdd ‘bas 10 6oL DSN Ty ANjEnd Ay uAIqUIY [BUONEN
"dsd pue 'gVHSIN
‘$901n0G AIBUONEIS MON 10J 9OUBULIOJIIJ JO SPIEpuR)S ‘Suk|d
uoneyuawojdui] 9vIg ‘sprepuels Lijend) 1y JUsIquiy [BUOHEN
:Kysnes 0) sjiuuad uleIQO puR SpIEPUR]S 199U 0] $301n0S Salinbay vdd ‘bas 19 [obL DSN T PAPUIWE SB ‘YYD SIIUN0SIY Iy
suonjedyljoN pue ‘suonejnsuo)) ‘sjeacaddy K>uady s|qisuodsay uonel) JIpiQ/uonjenday/aniels K103aye)H

‘syruraad :Anpiqedstjddy enuanod PAYT-SIdd

321N0SY

S43paQ) puv ‘suoyvinday ‘SanviS [PIUIWUONAUT [DI2P] [~ d1qVL

J-5



Storage and Disposition of Weapons-Usable

Fissile Materials Final PEIS

*1S919)Ul |EUOIIRU Y} AIIS [{im [9d1ed yons
se [esodsip 1ey) pauruLI3)ap st 3t ssajun spuej s1iqnd jo diysioumo
[e19pa,] ure1as 03 sarouage Sutuue(d-pue| 9jei§ Jospue [e1aps,] sainbay

“TdN 9y} uo ais O yoe?

Jo dnues|d oy} [onuod 01 AL} pue VJH Yim s1uawadidy Aouaderaiu]

ol 19ud 01 gO( saanbai tadueisqns snopiezey e jo aseajas
pauaiealy) 10 ases|al e SI 219Y) J1 uonesynou pue dnuea]d sannboy

's8uueay o1jqnd Suiajoaut sjiuuad s)sem snopiezey

VIO 01 siuswpusure axnbai pinos suonesado ajsem snopiezey

a1is 01 sadurypd ‘sanifioej [esodsip 1o ‘o8e1ols uowiean sisem
snopiezey duiajoaul suonesado Joj siuuiad pue uoneaynou sasnbay

‘SjuaWwaINbal MIIADI [BIUSWUOIIAUD
spuepomyutejdpooy ajqesiidde [fe yum A[dwios 03 gOQ saunbay

‘SPUB[I9M JO UOTIBOYIPOW JO HOIINIISIP Y} im pajeidosse syoedur
9SIDAPE WI3)-HOYS pue -Juo[ 3y} ploAe 0) sa1duade [eIapa,] sasinbay

‘urejdpooy e syoeduii 10ofoid j1 uoneynsuod sasnbay

‘s1ajinbe punoid o) syuangya jo Suidreyostp uonbasqns pue sjom
uonsafur punoidiapun jo uoneradouononnsuod 1oy syuuad sasnbay

“19AL1 33 Jo sanuedoud jesidojoiq pue
{earsAyd ay) uo 53092 9s10ApE Aue 2)eT1NIW pue dSZIWIUIW O) JIPIO Y
Apnis 1apun 10 31U30s pue piim se pajeudisap J9ALL € Y)IM PIIBIdOSSE
109(01d [eI9pa,] Mau Aue Jo UONONISUOD 310J3q Palinbal uoneyNSUO))

sa1ouage Suiuueld
-pue| J1eI§ pue [19pI]

SMAS/s190u18ug
Jo sduo) Auury ‘g

AienQ) feivowuonAuyg
‘Aouady juowedeuepy

[e19pa,] ‘[1ouno)
SO2IN0SIY JSJep|

901AI9S Yied [euoneN
.oo_?_om 189104
‘JusuaSeuey pue]
Jo neaing (SMASN)
91AI3S IIPIIM
pue ystf saiels panun) "bas 1o [£Z1 DSN 91

10L1 2SN £V

66¥-66 71d/'bas 19
1096 OSN ¥

919-86 1d/'bas 19
1069 OSN v

2201 ¥IAD 01

iz1d
“dwod L2161 “WADE

Lind
“dwo) £L61 IO €

'bas 12 J00O€ DSN T

12y 1auavuppy
pup £a1104 puvy [vaapa

9861
JOVIVS/0861 30 VIOYTD

¥861 Jo
SIUSWPUIWY JNSBM

PIOS pue snopIezeH/ ViOY

siuautannbay
MIIADY [eIUALIUOIIAUY

spue[iop/ute|dpool]
Pim doueijdwo)

SPUR[IIA JO U001
20661 [ 19PI0 dANNIXTY

juawaeuejy uiejdpoo|g
188611 19pI0 2A1INIIXY

VMdas

10y S4241Y 21U2OG PUD Pl

suoijedyljoN pue ‘suonejjnsuo)) ‘sjesorddy
‘spuiag :Apqednddy renuajod Pa1-S1dd

Louady ajqisuodsay

uonen)

JapaQ/uonengayPnjers

panuyuo)—siapi() pup ‘suoyvinSay ‘Sainivig PIUIMUOLAUT [DIIPI ]

‘I-T 21921

J-6



Applicable Laws, Regulations,

and Other Requirements

1oedu
aziunuw pue J01133u] Jo udwueda 3Y) Yum 1[suod [jeys 30d
“1oedwn aziwiuiw pue Jolduf jo udwpedag
ay) pue d219Wwwo)) Jo Judwredag Yl Yim Insuod [jeys JOd
‘Juawdo]2Aap 921n0sa1 J31em wolj 3ajdap
01 1230qns a1e jey) s321N0sI AISYSY SNOUIOIPBUE UO PUB SIDJEM UBIDO
0) 91ea31UI puE SILIBNISI JO 19)BM USay ul umeds 1ey) Ysy snowoipeue
uo s)dedunt ue oIe S19Y) JI SUIULIFIOP O} UOHIB)NSUOD SANNbIY

'$199}J9 9SJIAPE PIOAR O} SAINSEIW
uonedniw dofaasp [[1m O ‘0S JI ‘san[ioe) uontsodsip 1o a8e10)s
Jo uonesado Jo uononnsuod o} anp suonendod paiq Sunesdnu
uo sjoedun Aue a1e 219y} JI SUILLIS)IP O} uolie}|nsuod salinbay
‘sanij1oe) uonisodsip
10 93e10)s Jo uonerado 10 uoNONNSUOD 0) aNp SIsou Kue Sujaow 0}
Joud nuurad e uieiqo Jsnw FO(J ‘oS J "eate Yy} Jigeyul 0) punoy e
spa1q pa193104d Aue J1 SuILLIIAP 0] PIJONPUOD 3q PINOYS SUOHENNSUOD)
“BaSE 0BJINS U] SAIOE ()]
JO SS9X2 Ul I3)EM JO SIIPOQ JO [013U0D JO ‘UOHEIYIPOW ‘UCIIONISUOD
S1 919Y) J1 3JI[P[IM UO $193))3 9]qissod ay) uo uone)|nsuod salinbay
*SWIeal)s 2)sem paxiw dy15ads 10§ suonoe JjuswaFeuew sy1dads 01 se
Sa1e)s Ynim sjuawaaiSe oyul 19jud pue suejd dojaaap 01 gO( saxnbas
pue YYD Jopun sani[1oej [esopag 10§ Anunww uS1319A0S JO SIAIEAM

‘spuejunie) anbiun pue swid 03 $199§J0 3sI2Ape Aue pIoAE |[eys JOd
-sasodind jusawdojaaapar s1wouos3 10§
Asadoad yons jo 1ajsuer ay) Sieyljioe) 0} uolieipawal a1nbai jou fim
1eY) Sjedted jo uoneoynuapi Idwosd sannbay ‘uoneuiweIuod UILIUOD
10u saop Jey) Kadoid ‘sanianoe [e19p3g Jo uoneuiuLd) ay) o) Joud
‘Burynuapt 1oy ssacoud e ysijqeisa 01 (00€ Y4D OF) VIDYFD spuawy
‘pun,j 9)SeA\ JEdJONN B SOYS1|(eISd
pue “INS pue M TH Jo [esodsip a3 03 10adsal yim Juswiuiaaod aeyg
pue [219p3a Y usamiaq diysuorre[as ayp sauyap LINS pue MTH Jo

[esodsip ay) 1oy Ao1j0d [e1op3 auyap & pue ‘Anjiqisuodsal jesapag

10Q

104 pue DOd

SMASN

SMASN

SMASN

Smdasn

sael§
113§
UOIBAIASUO)) [10S

vdd

1L61 JO IOV souing pup

‘bas 12 1£¢1 DSN 91 Sasiopy Sunupoy-2a1.] pim

‘bas 12 1£11 DSN 91 961 JO 1 Ssawapipm

12y HOUDALISUO)

LSL OSN 9t Ysi snowospouy

"bas 12 €0L DSN 91 1oy &ivas| pug LiowiSiy
1OV uon23i04d

‘bas 12 899 DSN 91 a)3v7 uapjon pup pivg

10y uonpuIPI00) $90IN0SIY
"bas 12 199 SN 91 afipIm puv ysi4 onorg

2661 Jo 1oy

1969 DSN ¢y 2ouviydwio) Ki1ovy [p1apad
1861 Jo 12y

‘basw 10z DSN L K104 uonoaiouyg puvpuiv.y

12V uonIIID.g 2su0dsay

9Zb-701 1d  [piuawuosiaug Kjpununuo)

(panunuos)

3y} SAYSI|qRISI LINS PUE 1Sem ANIBOIPERI [9A2(-Y31Y Jo jesodsip $2IN0SIY
Kq pasod spiezey o) wolj paroajoid 3q [jIm JUSLWUCIIAUD Y} pue |1os
oiiqnd ay) Jey) aoueinsse 3jqeuoseal e apiaoad [im 1ey) sauojisodal 0L201-10101 pue sajsep
40 uonesado pue ‘uononnsuod ‘Sunis sy 10J S[NPaYds e saystiqelsy  SaKUTY [eiopa] uonosas DSN v 7861 30 VAMN snopiezey
SUOIEIYION pue ‘sucpieysuo)) ‘sjeacsddy Kouady ajqisuodsay uoneNn) Japapyuonenddypniels K103ae)
‘sprunadg :Apqiqedtiddy jenuajo 19Ad1-SIAd adanosay

panuyuo)—siapi() pup ‘suoyvin3ay ‘sanvis PIUIWUOCLAUT [DIIPI ]

‘I-T 31921

-7



Storage and Disposition of Weapons-Usable

Fissile Materials Final PEIS

"sainpadsosd K1ages pue Yjeay pue ‘s)uswadise YN ‘aoueinsse

GE8 ‘0E8
‘0z8 ‘(suonoas

a|qearidde) 661-1

suone[nday Sunuswojdury

Anpenb a1nsus 01 suonengar Sunuawajdwir umo sit mojloj freys 4Od 10d sued WD 01 40d V4AN A81aug Jo wuawnsedaq
1201 ¥d4D 01 Yynm )
90uepJoode ut sainpadosd Sunuawsjdwi yaN Yim Ajdwoo [jeys 30Q 03D ‘bas jZEV DOSN TP VdaN
"san1|toe} s) jo uonesado
9jes 9y} aInsua 0} saInpasold pue spiepurls uMo sl mo[[o] [[eys 4O0d q0d 1102DSNZY  ¥S61 Jo 1oy K8iauzg onuory Y10
-2oe[dyIom O 2Y) Ul SpIezey [BOIWAYD [[e plepuelg
‘3|puey 01 Paule) pue ‘Jo PIULIOJUl dJB SISHIOM 1By} 2InSud [jeys FOd VHSO 00Z1°0161 ¥AD 6T uonEdIUNWIWO)) plezeH
'$199yg ere( K19JeS [BLIABJA ‘O]qejiBAR dARY
1o ‘aredaxd pue (9961 1D 67 Jo soutjaping Suipnjour) uone|sido|
yeay pue K1apes 1a3i0m d[qedijdde e yiim Ajdwos [[eys satousdy VHSO 099 OSN 6¢ sauljspinh VHSO
‘s190yg ee(q K19JES [BLIDIBIA ‘d]qejIEAR dARY
Jo *aredaid pue (0961 WD 6 J0 sauijaping Suipniour) uone[sida] Y Yooy Yieay pue
ey pue L1ajes 1ajtom djqestjdde [je yum Ljdwos jjeys satoualy VHSO 801S DSN S pup &afog puoypdnidzg  K1ajes JONIOM
6SS  JudwuoIAUg [eIn)nd ay) jo
“S9111A1IOR UONONNSUOD SULINp 150] 2q AewW Jey) 'd “dwo) §/g]  1USWIIdUBYUY pUR UOHDI)0I]
elep [e2130]09RYDIE PuE SLI0ISIY jO uoneAsdsald ay ul pre j[eys Od I0d -1L61 ‘$SE YdD € ‘€6S 11 19p10 2ANINOIXY
‘paqinisip 0661 Jo Y
a1 $9ABIZ UBOLISWY SANEN OU JBy) 9juetend 0] uonONNSUod uouvLyvday puv uondatoig
0} Jouid saqLn UBIpU] UBILIAWY JANEN] [BO0] YlIm 1[nsuod {[eys FOd 10a 100€ DSN ST $24DID) UDILIAUY IAUDN
‘paalasaid ate swiopaaly
pue ‘suonipes; ‘suioisnd snoiSijal J1ay} jey) INSUI 0) UOHONISUOD 8L61 10 10y wopaaty
01 Jouid saqLI} UBIPUT UBSLIDWY JATIBN [E90] YIIM 1jnsuod [[eys Od 10d 9661 DSN Ty Sno18iay uvipuy upoLwy
"$321n0sa1 [eo1dojoaeyote ‘bas 12 6L61 JO 12y uonaatoid
JO [BAOWIL JO UOIIEABOXD AUR 0] UONRZLIOYINE UIeIqo [{eys JOd 104 eeQLy DSN 91 $224nosay [p180j0avY2IY
'$90IN0SaI L6 JO 10y uonpauasatyd
{ea13ojoaeyoie JO douBqINISIP AUE 10J UOKEZIIOYINE Urelqo [[eys FOd 10d ‘bas 12 69% DSN 91 [vI10ISIY pup [p2180J0IDYIIY
uoneAIasald papusiwe
‘PA1v3YJe 3q |[1M sanradoid [51101STIY OU ey} 2INSUI O} UOHINIISUOD SUOISIH Uo {Iouno) SE ‘996 JO I3V UOHDAIISII ] $201N053Y
01 Jo11d 20YjO uONEBAIISIAIJ OLIOISIH ABIS Y YIIM J[nsuod [[eys O AI0SIApY s, uapisald  ‘bas 12 oLy OSN 91 JLLOISIE] [DUOUDN feinn)
‘uonesado 10 UONONIISUOD JO $199)J2 SSIFAPE J)BUIUI[S 1O 9INPAI
01 sasnseaw uonedniw dojaasp ‘Aressasau Ji ‘pue suouido [esidojolq NNAlG (panunuoo)
A1essasou uteiqo ‘uoalayy speduir gO( SSIsse ‘sieigey Jay) SOLIAYSL] Sulle]y €161 $32In0S9Y
pue sa10ads pausiealy) 1o pasafuepua Ajnuapi o] uoneynsuod sannbay  [euoneN/SMISN  bes 19 [€6T SN 91 J0 10y $2102dS pasaSuvpuy anorg
suoneIYNoN pue ‘suoyye)[nsuo)) ‘sjeaoxddy Kouady ajqisuodsay uone) JapaQ/uonengayPme)s L1083)e)
‘sprundg :Aypqeaddy fenudjod [pA1-S1Ad 321n0sdYy

panunuo)—siapiQ) pup ‘suoypvin8ay ‘SanIvis PIUIUWUOLIAUT [DI2P3

‘I-I 21971



Applicable Laws, Regulations,

and Other Requirements

'VdiAN

Jo asodund oy saayuny 19p1Q sy *Aioyine Juspuadapul uo paseq
3|y “suonoe yons Suipiedas suotsioap Sunjew ui £s1j0d [euoneu jJo
SuoleIaPISU0d juaulted I9YI0 YIlM JUNOISE 0T SUOHBIIPISUOD Yons
3)e) 01 pue SUOIIBISPISUOI [BIUSWIUOIIAUD JuauNIad Jo pauojul 9q
01 19p1Q Sty Aq passediuooua suonoe Suiaoidde pue Surzuoyine 1oy

Anqqisuodsal ajewn)n Sulaey saiouade [e19pa, Jo sje1oyjo sannbay

"a1qeonoeid 21x3 ayy 01 paproae aq s1edwi urejdpooy

ey pue uredpooy e ur udyelIpuUN UoHoE Aue 10 PAIIPISUCD

- aJe JuawaSeuewr urgjdpooy pue sprezey pooy Jo $109)9 [enuajod
3y} Jey) 2Insud 0) saInpadold ysijqeisa o) sarouae [eropa $10a1Qg

"VAVS JO €] € UONI3S IapuUn ULIO] asB3]al [BIIUIAYD J1X0]
Jenuue ue 31y 0} pazinbai L11j1oej € jo Jojesado Jo Jaumo ue Joj uodal
Bu1)94521 pue uo1IONPaI IDINOS [BDIWAYD J1X0) € Sa1Nbal pue 90IN0S
ay1 e paosnpas aq pinoys uonnjjod jeys £s1jod [euoneu e saysijqeisg
“JUSWUOITAUS Y} 103}Je L3y} St SANANOE 113y) Ino Suihired
ur sarduade [e20] pue ‘Nels ‘[e1apad delrdordde yum uoneynsuod
q0Q 10J sapiaoid (yJgN Jo sjeod Anjenb [ejuswuoiiaua
oy} Suiaatyoe ur diysiopes] sjensuowadp o) sarouade [e1apa ] sannboy
‘spoylaut pue sanbyuyoo) 1s9q ay) Suipredar sarouale eig pue
Vdd Yiim 3[nsuod o) pue uonnjjod [2)uaWLONIAUI JO JOIUOD 3Y) 10}
ueld jenuue ue GO 01 11wqns 0} spiojpue| KouaSe [e1apa, sasinbay
‘SULIO 95B3Ja1 [EDIWLAYD 21x0} Ul paysodal oI Jey) S{estuayd jo asn
pue a8e101s SuloA09 syuswaainbai Sunuodar moux-01-1y3u sasoduul
pue ‘oseajal Aouagiowa 1ayio pue sjfids jesiwayd 10y sjudwasnbal
Sunuodai pue suejd ssuodsal Kauagrows jo juswdo]aaap ayy sannbay

*s10111ed paniuad KJuo asn 0} s[eLajew aAndeoIpel
Jo sannuenb pajjonuod-anos Kemysiy jo s1addiys syomsay
‘uonjenodsuel) 2)sem pue sjeriojew
snopaezey Sutuiaaod syuawannbas oy yum £jdwos [jeys gog
1uawdinba pareunweiuod-g)d jo [esodsip
pue asn uo suonejrwif 1910s sasodut YOS L, Sjediwayds o) ainsodxa
J0 sysu1 ayy woyy o1pqnd ayy 199101d 01 YOS L Jo suoisiaoid [onuod
Jearwaypd pue siudwannbai Suniodai K101uaaur yum Kjdwos Jieys 04

suonoy je1apay Jofey
PrROIQY S193]] V IUSWIUOIIAUT

40d 6L61 ‘v Arenuer ‘PHITI 19pIQ 2ANNd3XY
Vvdd pue LIl d yuawadeuey urejdpooly

$9[0Ua3y “IeA “dwoDd £16]1 WD € ‘88611 19pIQ 2A1NDIXY
0sor1 0661

vdd -10011 OSN Ty JO VY uonuadaid uonnjiod

Aipengd) [eluswuoliAug Jo
206 d “dwo)  juswIdURYUF puE UO11II0I]

suonedynoN pue ‘suonejnsuo)) ‘sjeaorddy
‘siuiag :Aypqedddy enusjoed PAYT-SIdd

o1z f0) 0L61-9961 WO € YIS 39PIO 2ANNOaXY
splepuei§ [031U0)) uonnjjod
(4INO) 1°8png pue £pz -d yum soueijdwo)) [e1opa
uswaSeuey Jo dyj0 “dwod /61 “WADE 188071 JOpIQ 2ANNIAXY
9861 jo 1Y
‘bas1a  mouy-o-1y81y Grununuor
vdd 10011 OSN ¥ pup Sutuuvlq {ouadiaug
0661 Jo 12y &1afog
uLiofiup) uoyviiodsupay
10d 1081 OSN 6V S|pMAIDY SNOPADZDE
19y uonvyiodsuniy
10d "bas 12 1081 OSN 6 S|DMAIDY SHOpUDZDY
(panunuoo)
vdi 'bas 12 1092 2SN I VOSL BYO
Kuady s|qisuodsay uonejr) JIpIQ/uonem3NjpIne)s K10839e)

anosay

PINuURUO)—s13p4() puv ‘suovnSay ‘Saynivis IDIUIWUONAUT [D43p3] [—[ 319VL

J-9



Storage and Disposition of Weapons-Usable

Fissile Materials Final PEIS

9y a4} Jo siuswalinbo oY) 13911 0) $31uTe $331]q0 Yorym *(1r ALY,

VaVS) 19V mouy-01-1y81y Anunwo)) pup Sutuuvlq Louadiawug
ayy Jo sasodind 10§ suosiad are satousde [e1pa] oy sspiaoid osje
19pIO 2A1INOOXA Ay, *sa1F0jouyda) uonuaaald saneaouur jo unsa)
pue sa130[0uyoa) ues[d AFLINOSUD pue ‘UONEIYIIOU JUIPIOJE pue
‘asuodsas ‘Juinueyd Kouadiaurd aaoxdun Lweansa)sem Lue Juudsus
s[eanwoyd 31%0) 11odal pue 35npal 0) SaIdUSSR [B13pay [|e $19311(
sapuade pue sjuawipedap SA1INDAXI JO [01U0D 10 uondIpsunf
ay) Jopun K)jioe) Aue wio) SI ISea|al oY} a1aym SasuadIowsd uey)
310 SUO1}OE [BAOUII PUB TN Y2 UO 10U I JRIf) SISBI1 Paus)BaIy)
10 ‘sasea]al J0J suonoe [eipawal Sunjeuspun oy Ajiqisuodsal
Ay sa1ouase pue sjusiredap 9ANINIAXS JO speay oY) 0) saedajag

‘suone|ndod awoout-mo| pue suone[ndod
Kizoutw uo sanianoe pue ‘saidrjod ‘swesoud sy Jo 199330
[EIUBWUOIIAUD 1O Y[eaY uewny as1dApe pue Y3y A[areuorntodoidsip

30d

40d
pue ‘sida aAnNd9xg

€661 ‘¢ 1sn3ny

L861 ‘€T Arenuef

sjuawaiinboy uonuaralg
uonN[[04 pue SMe Mouy| o)
W31y :968T [ 19pIQ AANNOXY

uonejusuwddwy punjiadng
108ST1 49pIO 9ANNOIXY
suonejndod swooul-mo]
pue suone[ndog Aiiouiy
Ul 921ISN{ [RIUIWIUOIIAUF
SSAIPPY 01 SUOHDY [B1Ipa]

‘areridoidde se ssasppe pue Kjnuapit o) saisuade je1apa] saninboy vdd 661 ‘11 Aieniqag 186871 J9PIQO 2A1INIIXY
“Juswainsold 10} uonUIAAJ
SWIAN PajoAal Jo asn 193j§3 01 Ayunwwiod Jurd£591 3y} pue 1ogeuew J)sep pue ‘urjohoay
weifoid waysAs ayy usamiaq Airjiqisuodsal paleys e saysijqeiss pue ‘uonisinboy je1apay]
sa1o1jod yuswainsold aaneunyje dojaasp 03 saouade [eropag sasinbay vdd £661 ‘0T 1290100 IEL]TIL J9PIQ 2ANINIXY
‘UONEBOL1IOU JUSPIOOE pue
asuodsal ‘Suiuuerd Asusdrows [eoo] saoiduil 03 pue UIWUOIIAU
3y} 0} sasea[al Aue Suipnjoul ‘sani|ioe} [B19pa,] WOIJ WIS JISeM sjuawalinbay
Aue Sunguo spestwayd o1x0) uodas A[d1iqnd o) pue ‘g6 ueyl I9E] uonudAIg uonnjjod
1ou ue|d uonuaaaid uonnjjod Anjioej usnum e asedaid 03 ‘sigjsuen pue sme| mouy-of-1ysiy
311SJJO PUE JUIIUOIIAUD 3Y) O S|BIIWAYD OIX0} JO SISEI2l [810] Yim duerjdwo)) [e1opay
s A5uage Jo uononpai Juaoiad (g aaa1yde 0) saruaFe [esopa,] sannbay vda €661 ‘€ 1sndny 19687 I J9pI0 2AUNIIXY
‘Jnoaseyd jeuy [nun sasueisqns | ssej) sosueysqng Sunsjdaqg
Jo Anjigepieae pajwiy Aj3uisearour sy 9z1udosal 0y pue uondaoad -3u0z() 10j Sa15uay
3u0z0 5uaYdsolellS 9DUAIAJAI SIWPUIUY YV JO TA L [e13pa4 10J SaId1[04 pue
yum K dwos o) sednoeld 112ty uLojuod pue sadueisqns Sunajdop sjuawaanbay uswaindoiyg
-3u0zo jo juswainsoid aziwiuiw o) sarduade [e19pag sainboy vdd €661 ‘17 1udy 1€PRT 1 JOPIO 2ANNIIXY
uswidojaasp
[e19pa, 10311p 10 ddUBISISSE [eIdUBUY [eIapa] pasodoid Aq
Pa193jje A[10311p 3Q PINOM JBY) IO 10§ Spunj [e1apaJ-uou oy apiaoid swiesdoud [esopay
PINoM 181 SJUSWUIAA0S [820] pUE 9)BIS ISOY) JO S[eIdYJO PAJIId JO MIIAI [BIUAWIUIDA0GIAU] (penunuod)
Aq uoneinsuoa 10§ saniunpoddo apiaoid o3 saousge [e1apay sannbay qo0d 7861 ‘b1 AInf TLET] 19PIQ 2A1NIXY 0410
SuorjeayIjoN pue ‘suonejynsuo)) ‘sjeacaddy Louady ajqisuodsay uone) JapaQ/uoneniayypiniers L103938)
‘sputaq Appiqesnddy jenuanod [2497-S1Ad 321n0S3Yy

panuyuo)—siapi() puv ‘suoyvinday ‘sajmpjS PIUIUUOIIAUT [DIIPI

‘I- 31921

J-10



and Other Requirements

Applicable Laws, Regulations,

‘sojerado
M YOIYMm ur sajels ay Jo sydeduiod sad (7T Jo 3sodsip [eys 30d

'sarouage pue syusupedap
{e13pa, 01 samjiqisuodsal ssoupaedaid Louadiawra sugisse 19pio sy L,

‘1a3euey 2y pue ‘sjedoulid Jo sannuuIo))

w9)sAg uonedIUNUIWO)) [euoneN 3yl uady aannoaxyg ay)

Jo Sunsisuod arnonns aafnensiuwpe ue pue sjedioutlg Jo 2o

wa)sAS uonedIuNWIWOo)) jeuoneN 3y uo pajuasaidar sannua ayy

JO S195SE SUONBIIUNWIWOII[S) 3Y) JO SISISUOD WISAG UOHBIIUNWUIO))
[eUONEN 2Y ], "W9ISAS UOHEDIUNWILIOD) [BUOTIEN U3 SOUSI{qeIST

's915uady 9ANNIIXY JO suonduUnj

asue)sisse pue ‘vonedniu yuosuwafeuews ‘Suiuueid Aouadiouio

[TAID puUR 3SUQJap {IALD [{B SleulpIo0d 0] pue 10) satdtjod [e1apa]

ystiqeisa o) Kujiqisuodsal ayy ‘Aoualy Juswafeuey Aousdiowy

{e19pay 1019311 ay) sudisse 1op1Q ay], ‘Kouady yuswasfeuey

Kouagowrgg [e1apay 10193117 2y 0} udwadeuew Kouadows
[e13pa] Yim pajerdosse sanijiqisuodsal pue suonounj paLgjsuel],

‘papuauwe se ‘06| Jo
10y uoNINpoay asuafa Y Jo 1 SPLL £q WPISalg 2Y) UO PILIBJu0d
suoinounj uonedolje pue sanuownd ayy ‘ajedajapal 0y Kiuoyine yum

40d

30d

20d

Kouagy wowaSeuepy
KsuaSrouy [esopaq

Kouagy awadeuepy

PITOC
-q1202 OSN ¢y

8861 19qUIAAON

¥861 ‘¢ (udy

6L61 ‘0T AInf

vy Onoyg
JISUM 24110D0IPDY 1242 T-MOT
sanijiqisuodsay
ssaupatedalg
Kousdiswg Jo wawugissy
196971 13pIQ 2ANNdAXY
uonounyg
SUONBOIUNWWIOIDIL,
ssoupasedasg
Aduagiowyg pue A1undag
JeuonepN Jo uswudissy
1TLYTL 19PIQ 2AanndAXY

juswadeuey
KLouagowg eropayg
18P 171 19pI0 2A1NdXY
weidold
UONRZI[IGOIN 3sudje(
9Y) Jo uoneISIUIWPY
3y} Joj Suipraoad 1ayun, (panunuoo)

Kousdy wawsSeuepy Aouadiawy [e1apa ‘1010211(] 9Y) 01 sAedaa  Adousdrowy [e1opag €561 1sndny :08Y01 JopIQ 2AnNdaXY =TT
suonedynoN pue ‘suonejnsuo)) ‘sjeaoaddy Kouady ajqisuodsay uone)) JapaQ/uone[ndaypnye)g K103ae)
‘sinurdy :Aiqednjddy fenuajod [2A31-SEAd 324n0say
panunuo)—siap4() puo ‘suoyvnday ‘saymvis PJuwuolaus [p1apad I-f 3199

J-11



Storage and Disposition of Weapons-Usable

Fissile Materials Final PEIS

*251m0s 231BYosIp 191EM B JO UOHEIYIpoW
10 uondNNsuod 0y Jotid pasinbair yuursg

*921n0S 381BYISIp 191EM © JO UONBOYIpOLL
Jo uondniisuod 0} Joud pannbal nuuag

"90IN0S JUBUIWEIUOD JIB U JO UOHRILIpow
10 uononIIsu0d 0} Joiid palinbai yuLed

"324N0S JUBUIWEIUOD IIE U JO UOHEIYIpOW
1o uondniisuod o) Jouid pasinbai juuag

‘S32IN0SAI [BINYND RIS

193101d 01 poreudisap sajnt mojjoj o) pannbay
‘10afo1d u1 paajoaul syue) agelols

punoadiapun Ji suonen§ai mo]joj 01 palinbay

‘suonoe pasodoid jo sioeduir jeyudwuoIIAUS

uo _Juduidjels payieidp,, a1edaid o) pannbay
‘Kouage

aIBJ[9M pue
yjeay jo wownedsq i

3IBJ|9M pue
yifeay jo uauruedoq I

aleJ|aM pue
yesy jo wouwruedsq i

aIe)[oM pue
yieay jo wownedaq I

UONEAIISAI] OLIOISTH pue
A3ojoaeysly JO dDYJO VM

A30}007 jo yuswuedaq vm

£3010o7 jo yuowuedaq vm
MIPIIM

9¢ 1a1dey)

‘6€ 2L *9poD Al
L1 1dey) ‘|

AL “s3ay/sony Al
1 191dey)

'6¢ 2L '2po) i
101 1a1deyd

‘6€ 2L *9pod I

VIS'EY 4D ‘MO
09€-€L1 YO DVM

J1Tey YO ‘MDY

19V j043U0)) uoNNJOd 431D OYDp]
suone|nday nwisg
uonednddy pueT-191emaisep oyepy

sa[ny
alejam pue yijeay o judwiredacg oyep]

Py Yooy
PuD 101123104 |DIUAWUOIIAUT OYDP]
UONeAIdsald d1101SIH pue ASojoseydiy
sjue], punoadiopun)

19y £31104 PIUWMUOIIAUT JIDIS

SA2IN0SAY Iartep\

$22IN0S3Y MY
oyep] “TANI

$32Jn0sal jeim|n)

E)

s[gtsuodsal yum uoneynsuod anbai Kepy  pue ysi jo wownedsq yvm LL YD ‘MDY swen) pue ysi] SuIuIaouo)) s}oy snotiep $92In0SAY dnoig
*21SeMm pel Jo a3el0)s pue
gui|puey 1o syuawannbai snotrea saysijqeisg £30[o0oq Jo wawpedag v 002 '€ 'UD ‘MDY 10V 21SDA 2410DOIPDY
"3)sem pel jo 98el101s pue 0861 JO 1oV 1odsup.]
Sui[puey 10j suswalinbai snoitea saysijqeisg £3ojoog jo wawnedsaq vm 66°0L "UD ‘MDA pup 38p.101S AISDA| 24110D0IPDY
"sa0.nos uonelpes jo Junnuuad pue Suisuadi| A80joog jo wawnedsg v 86°0L '4YD ‘MDY uoneipey pue AS1oug Jea[onN
$90IN0S9Y
"a)sem snoplezey Suiajoaul [10S pue
SANIALOR SnoLIeA 10J pasinbas snuudg K8ojoag jo wawnedaq ym S01°0L 4D ‘MDY 10V WISDUD Y IS SNOPID2DE]  SIASEAN SNOPIEZRH
“UIBUIOP JU3UIWD [e19pa] VN 006 'UD ‘MOY S3IEIS PALUN 3y JO SIY31Y Jarem
AnpenQ
‘sjuswasinbai jonuod uonnjjod 191ep K80[00g jo uswredoq vm P1°0L YD ‘MDY I2)EA\ PUB SJUBUTWLEBIUOD) [BIIWAYD)
‘91BIS AU} JO sivrem [[e O)
saijdde ‘syuaannbal jonuod uonnjjod 191epy AS0j007 Jo wawnedaq v 8906 UD ‘MDY 1L6] JO 19y uondajold si3ipp| jpisvoy) $90IN0S3Y Jajem
‘sarnseaul astou-nue Yim Ajdwods o) pannbay £80j0og jo wowpedoq vm LO1°0L YD ‘MDA $L61 JO 10V jo41u0) ISION
¥6°0L Jadeyd
'§90IN0Sal mau (MOY) uoiduiysem
J0j syuurad urejqo pue 13151331 0) paninbay £80j0s7 jo wowedaq v JO 9p0)) PasIAdY 12V 1y up3)) UCISUIYSDA $92IN0S3Y Iy
eg uojdulysesn
‘paojuey
spur g/Anpqediddy [enuajoq £HuaBy ajqisuodsay uonejr) uonjesidary £1083)e)) 321n0S3Y

S43pi() puv ‘suoypinSay ‘saynyviS [P1usWUONAUT VIS ‘7~ 219V

J-12



and Other Requirements

Applicable Laws, Regulations,

"Aoey
[esodsIp 9)sem pIJoS B JO UONBOIpOw “Al(] JuawdAoIdury *s3oy IS suone[nday
3O UONONNSUOd 9 01 Joud pannbal oy EuswuonAug AN ASEA PIOS AN JUSWOFRURIA 9)SBAA PIOS OOIXIN MIN
"K3Ioe $90IN0S3Y [10S
Tesodsip 9)5em pIjos € JO UONEdYIpOW 1doQ [eiueuruonAug 8 Iy pue
Jo uondnnsuod Ay 03 Joud pannbaz yIdg pue e NN ‘pL "degD 101§ NN 10y 21SD| P1OS OIIX3 MN  SAISBM SNOPreZeH
*90IN0S 3IeYDSIP JAJeM € JO UONBIYIpouw wo) suone[ngay :
Jo uononnsuod 9 01 Joud pannbalyuuag [onuo) Alend) 19eM NN Jorepm NN suorieinday Aupen() JSBA OJIXIA MON
*2IN0S 931BYDSIP JNEA € JO uonedgIpou ‘wo)) 9 Py
10 uononnsuod oy 0) Joud pannbar g [onuo) LNEnd) BB AN ‘L ODLL 18IS AN 19y nong) 4210 021X MIN $32IN0s9Yy 1918
juaunredag
*92IN0S JUBUIUILIUOD JTE UB JO uonedgipouw mEoumuonaug 001 “s3ay [onuo) suonejngay
10 uononnsuod ags 03 Joud pannbas jruwrog pue QIfeoH NN Lmend Iy AN PUe spIepue)§ AJeng) Jry 09IXaJAl MON
waumreday
*90IN0S JUBUIUIZIUOD JTE UL JO UONBOYIPOW [IUUWIUOTIAUY T Iy
JO uondNNSu0d 2 03 Joud pannbar oy pue QifedH NN ‘pL SDLL “101S AN 1V 1041U0D) KON 41y OIIXIP MIN $201N059Y Y
0JIXIN
MIN ‘Aaojeloqer]
[eUO)EN SOWE]Y SO
‘Apoq UOISSTIIO)) 9y 11deq)
Sunwaao3 [eoo] 9[qIsuodsar MM JNSU0)  UOTIBAIISALJ JUOISIH (1 ‘L9 9pLL ‘apoD I 19V UONDAL3SII ILIOISIH OYDP]  SIDINOSIY [RINN))
“Kouage oures)
Jrqisuodsal i uoneynsuod annbai ey pue gsi Jo wounredsq 1 Of IPLL “Op0D (0] Sures) pue Ysig JurpIeday s10y SNOLEA $20IN0SaY onotg
Koy
[esodsip sisem snopiezey e Jo uoneogipou oIRJ[9M pUR ¢ 1deg) ‘1 suonengday
Jo uononnsuod 03 Joud pannbaryuey  eoH Jo usumredoq (I  OPLL “SSOY/SIINY (qf  JuowaFeURIA 9ISBA| SNOPIEZBH OYEP]
‘Anpoey $90INOSY [10S
esodsip 9)sem snoprezey € JO uonedgipout IBJ[OM PUR b 11deq) Yy pue
Jo uononnsuod 0y Joud pannbar e Mresy Jjo uoumredoq (1 ‘6€ ONIL OPOD QI JuawaSDUDy 2ISDA SNOPIDZDE OYDP]  SIISBAN SNOPIBZRH
‘bas
2 L} 19 TP -8S Uondag
Kue jo [1g Jo 98paip 0} Joud pamnbar sy spue Jo weunyedog 1 ‘9poD i 10y uon2044 a0 oYopy|
‘wedns $90JN0SIY 8¢ dey)
Aue Jo (19 10 93paip 01 Joud pamnbanywag  J93BA JO Juoumedaq (f ‘TYOMLPOD I 1PV U01I21044 12UuDY?) WD3LIS OYvp]
UoISiAl( uoneNsIupy
‘[IoM uondafuy JaemaIsem € Jo uonesado 90IN0S9Y ‘SA0MOSY z3adeq) ‘g
Jo uononnsuod o o3 Joud panmnbar sy 3t Jooumredag (@ OPLL “sSoW/seIny (I sprepuels A1end) J9rep oUep]
splurrs /Ayiqednddy fenuajod £ouady apqisuodsay uoneI) uone|sida] £1033)e)) 301n0saYy

panuyuo)—siapi() pup ‘suoyvinday ‘sapmwis puawuosAug 03 7 quL

J-13



Storage and Disposition of Weapons-Usable

Fissile Materials Final PEIS

“Anpioey

[esodsip 9isem p1jos B Jo uoledyipout
10 UONnONNSUO0d 0 Jo1d paitnbas juLdg

yue)

a8e10)s punoidiapun ue Jo uonedyipow
10 uondNNsuod 0y Jotd paimbai yuLdg

*901n0S 981vYISIP I121EM B JO UOHBIYIpOoW
10 uondnNsuod o) Jotid parnbai jug

*921n0s 981eYISIp J191eM B JO uoljedsyipoul
10 uonodnusuod o) Joud palinbai g

*30INOS JUBUIWE)UOD JIE UE JO UOHEdYIpow
Jo uononnsuod oy Joud pannbai juag

*30IN0S JUBUILIB)UOD B UE JO UOLBOYIPOW
10 uonanysuod oy Joud paiinbai juirag

VN
YO
UOTBAISSII SUOISIH 18IS Y] YIm JJnsuod
pue £aAins o110)s1y pue [ed1dojoaeydle
ue aiedaid 0) syuswasinbai pue
20UJO UONBAIISALJ DLIOISIH RIS paysi|qelsy

‘paambay yusunredap sy) Yim uoneuIpI00)
*sa19ads parauepus Jo pauaiealy)
193§J& 9SIMIaY)0 10 JeNqey qinisip Aew
193(01d e 31 pannbai uolEUIPIOOD pue NWID]

yuey
a5el0ls punoi3iapun ue jo uonesyipow

U01199101J [RIUSWIUOIIAUF
Jo wawuedaq AN

U0199)01J [BIUSWIUOIIAUT
Jowaswuedsg AN
UOT139)01 [BIUSWUOIIAUT]
Jo wouwtedo AN
UO1192)01] |BIUSWUOIHAUT
Jowawedaq AN
UOISSIWWIO))
[eluawuoNAUg AIBIS AN
UOISSIUIWO))
[eluawuosiAuyg RIS AN

VN

90UJ() UONBAIISAL]
JUO0ISIH eI NN

wowedag
Ansaiog a11S AN

ystq pue
awen jo yuswedaq WN

ph 1adey)
‘0p 9NLL ‘sammeis AN

65y 1a1dey)

‘apoD) "unupy AN
S 1ardey)d

‘apoD "ulwpy AN
S 1a1deyd

‘0t 2L ‘saimeIs AN

Sy 1a1dey)
‘3poD "uIwpy AN

Op 3PLL ‘saimeis AN

VN

£7-9-8] SuONd3S
‘8L61 10V 18IS N

1-9-GL suonoag
‘8L61 19V A1EIS AN
9b—7-L1 y3nony
LE~T-L1 suondag
‘8L61 10V A1eIS WN

suonenday

me [esodsi(] lsep PI{OS EPBASN
sa[ny

jue], a8e101§ punoidiopup) epeAdN
suolje|ngay

[o1nu0D UoNN[OJ 191eA\ BPEASN

e [0NU0D UOHIN|[OJ 1318\ BPRASN

suonenday Ayend) 1y epeAdN

ME’T [01IUOD) UOHIN[[Od JIY EPRAIN

paynuapt uone|stdaj [9A3}-31e1s ON

1y sa1uadodd [paniny) 0NXIW MaN

0y
§312adg uD)d paia3uppus 01X MIN

10V UOUDALISUOD) AIPIIM OIIXIN MAN

$22IN0SIY

110§ pue
SAISEAN SNOpiezel

$92IN0SAY IaNep

$32IN0S3Y 1Y
epeadN ‘SIN

YijesH
pue K13Jeg 19yIop

§201n0s3y [BIN}ND)

$901n0s3Y Jioig

Jo uononnsuod ay) o} Joud syuswasinbal 1da [euswuoIIAUg jue], a8ei0lg suonen3ay
yue) yum Kjduios oy paiinbai yurag pue yijesyq AN punoigiapun JAN Yue[ 28e101S punoidiapur) 031X MIN
“Anpioey
Jesodsip s)sem snoprezey e Jo UoneIYIpOW LN ¢ RUENTETXR G| 's3oy TN suone[ngay] juswodeue |y
10 uondNNSu0d 3y) 01 Joud panbas iy [BluSWIUONIAUT NN 9ISBA\ SnopIezel] AN 9)SBA\ SNOPIRZEH OJIXIJA MIN
snuRg/Apqesnddy fenuajog £>uady ajqisuodsay uonejr) uone[siday K10333e)) 32an0s3Yy

panuyuo)—siapiQ puv ‘suoyvinday ‘saynivys judwmuonauy avis 7-f quL

J-14



Applicable Laws, Regulations,

and Other Requirements

‘Kujioey [esodsip 10 Suissasoid gpsem
pos & a1e1ado 10 10n1suod 0y pannbai yuireg

‘Aioej [esodsip Jo ‘o8eiols

‘Juaunean d)sem snoprezey e aesado
10 ‘Ajipous *3on1)5u09 0} pasinbas yuwsg

“yue)

95e101s punoidispun ue JOo UONEIYIPOWL
10 uondNIIsuod 0y Jotad pasnbai jruLag

‘921n0s ad1eyosip
1o1em e 10j pannbas syutad SFAJN
Sunsixa £jipour Jo mau anssi 0] KoYy

‘sjuawasnbal 1snp sAnI3ng
§19s $92In0S JuUIWERUOD Jie ue desado
10 ‘Ajipowt 1onNsuod o) pasnbal yusg

*al1s onoistyaxd
10 21101514 © JO UONBARIXS JO ‘uonesojdxa
‘uone3nsaaut ay) 01 Joud pasinboi sy

1oedwi sziwunu
pue 3}1[p]iM jo Jusunsedaq AN Yim Jnsuod
‘Anjioey
{esodsip s)sem snopiezey e Jo uonesyipow
10 uondIIsuod 0 Jotxd painbal jjuLrag
‘Anpioey
[esodsip disem SnOpIeZey B Jo UoneIYipow
10 uonaonnsuod o) Jouid pannbai yurag
‘pasinbai
aq Aew Suipney o8eidas Joy yuwrad Ayifioe)

31SEM PIIOS JO UOISIAIQ NLL

[ohuo)) Aiend) 191epA NLL

pue uoneAlasalg SUOISIH

U0N29104 [BIUIWUOIIAUT

U01199101 [BIUSWUOIIAUY

wowaSeuey L-1-0021 1adey)
AISEM PHOS JO UOISIAIQ NLL ‘S3nY NL
wowadeue |y 9 Jaidey)

‘89 3ILL 9poD NLL

sweiSold  ¢I-1-00ZI 4adey)
JLS[] Jo uoIsIAI(] N.L ‘SO N.L
pieogq ¢ 1aidey)

‘69 dNLL 9poD NLL

preog uonnyjod 11y

[01u0) uonn|[od 11V N.L JO UOISIAIQ ‘3N N.L

A3oj09eyoIy
£8¢-18¢ Jaidey)
10§ preog KI0SIAPY AN ‘9T 3DIL ‘sImeIs AN

£0S Jadeyd
JPIIM ‘St oL
Jowoauntedoq AN ‘9poD ‘ulwpy AN

vbv 1a1dey)

jowowuedaq AN '9po) ‘ulwpy AN
65y 1a1dey)

Jousunseda( AN ‘0 2NIL ‘saIEIS AN

suonengay [esodsig
pue Buissa001d J1SeA PIOS 99SSAUUI],

10V wawadvuppy
2ISDA SHOPADZDE 39SS2UUI]

suone[ngay weidoig
yue], 28eI01§ punoidiapur) 29sseuua],

1V 1041400 11N 4210p4 2SSIUUI]
suone[ndoy

[o1u0)) uoNN||od A1y 3SSIUUIY,

suoije[ndoy
A30joseydry pue UOIBAISSAI] DLIOISIH

1V $2123dS 2UDD)-UON DPDAIN
suonengday

Ki1oe,] 91SeA\ SNOpPIEZRH BPEAIN

me] [esodsi(] 21sep\ snopiezel epeAaN

$22In0S3Y
jlog pue
S9)SepN Snoplezey

$90IN0S9Y 1918

$22IN0SY Ny
29sSUUR], ‘YHO

$I0UN0SAY [eIMin)

$32IN0SY dnotg

[esodsIp aisem pI[OS B JO UOBIYIPOW  UOII3J0I [BIUdWwuolIAuyg pt 11deyD suonengoy
1o uononnsuod o) 1oud pasinbar nuueg Jowswpedag AN ‘apo) "ulwpy AN [esodsi(] 21SeAp PIJOS EPRASN
snug/Aqednddy fenjuajod KHuady ajqisuodsay uoney)) uonesida £10333e)) 22unosay

panuiuo)—s1apa() puv ‘suouvinday ‘saympi§ [pjuawUoAUg 3I0}S  7—f 219VL

J-15



Storage and Disposition of Weapons-Usable

Fissile Materials Final PEIS

‘Anpioey
|esodsip d1sem pIjos € JO uoheoyipowt
10 uononnsuod o) Jouid pazmbai juag

‘Anjioey
[esodstp d)sem pi{os & Jo uoheayipouws
10 uondNNsuod 01 Joid pasinbal yusyg

“jue)

93e101s punoidiopun ue Jo UOHEIYIPOW
10 uononnsuod o3 Joixd pannbai juLiag

‘A1ddns 1arem oijgnd e Sunoajje

20.n0s 931eydstp J2jeM B JO uonesyipoul
10 uondNNsu0d 0) Jotad pasinbai NuLyg

*90In0S dFIeYOSIp JoteM B JO UonEdYIpow
10 uononNsuod o) Jotad pasinbar yuuag

*901n0s agseyastp 019 ‘sguissosd Linn

suuewwIQns ‘sadpliq ‘sad1eydsip ‘soxeIul

JO UoNdNNSU0D Y} Joj UoNeld)|e Wens

Suipn[out 2)e1S 3Y) JO SIATBM JO UOHBIYIPOW
Kue 0) Joud pasnnbai oq Lew juuad v

*90JNOS JUBUIWEILOD 11k UE JO UONEOYIpoUl
10 uondNIISuU0d 0) Jotad pannbai yuiag

‘[eung 1o diysiom jo aoseyd
B SuIpnjoui $159{qo paIeIoudA 3)BINISIP
Al[euonuaiul 10 puajjo o} uosiad e spiqio

(€6/1/6 2A123313) DDANL

(€6/1/6 3A123439) DIYUNLL

(€6/1/6 3a11935)9) DDYUNL

(€6/1/6 3A1231)9) DDUNL

(£6/1/6 2A119333) DDUNLL

(€6/1/6 3A1233)3) DDINL

(€6/1/6 2AN23}32)

(DDYNLL) uoIssiwwo)
UONBAIISUO))

90IN0S3Y [eINIEN SeXa]

UOISSIWWOY) [EIUIOISTH NLL

L-LLyY d1omy

‘so)meis XL 1y jpsodsiq a1sop p1jos SoX3]

SE€ ‘So¢ 1adey)
‘0€ AL suonenday

‘9po) ‘ulwpy XL juswageuey 2ASeA PIIOS SBXIL,
pee 1a1dey)
‘0¢ AL

‘apo)) ‘ulwpy X1, S9jny syuel 28e10)g punoidiapup) sexa],
06 1a1dey)

‘0€ dNLL “3poD XL S19y KonQ) 43104 SDX3],
0€ oL

‘apo)) "UiWpY XL S9Ny JUIdg PaIepI[OSuUo)) Sexa],
6TE
-80€ ‘s0¢ Jardey)
‘0g AL

‘apo) "uIwpy X.L
S0€
‘ST1-101 Jaideyd
‘0€ NIL

‘apo)) ‘utwpy X.I suonenday [01u0)) uonnjjod Ny sexay,

spiepuelg Aipend) I3jepy sexsL

11€-L1 1dey)
‘6€ 9L ‘9poD N.L

5199(q0
P2IBISUIA JO UOIIRIOISI(] 9ISSIUUIY,

$92IN0SAY

[loS pue
s9)sep| Snoplezepy

$30IN0SAY Id1e\

$32IN0S3Y 1Y
sexa], ‘xajued

$92In0S9Y [BAN}ND)

‘puepiom [onuo) Lifend) ¢ 1adey)
e Jo uoneldyje o) Joud palinbal yuuag I0)ep JOUOISIAIG NL ‘69 9IML ‘OPOD NL 1oV j043u0) K11jpngy 1310p4 295SaUNI]
‘bas
Kouady 19 10¢-8 1adey) G861 JO 19y uonpatasuoy)
‘Kouae sjqisuodsal ynm uoneynsuo)) SO0INOSAY APIM NL  ‘OLODLOpoD NL  Pup uonudalold jup|q ainpy aassauuaj
Kouagy g Jadey)d PL61 JO 1OV uoupALIsuo)
"KouaZe 9|qisuodsar Yiim uoneynsuo) S20IN0SAY AUPIM NL  ‘OL2NLL ‘OpoD NL  §2102dS afy)piipm pauaivaiy ] 2assauuay
[onuo) Lijend) 19p10 SpUeIoOM
‘Kouade sjqisuodsal yim uone)|nsuo) JOJEAN JO UOISIAIQ NI, 2ANNDaXH 9181S NLL UO I9PJ(Q 2ANNIIXY J)LIS FISSIUUL,  SI2INOSIY dnoig
spusag/Apqesnddy enuajod £Huady spqisuodsay uonej) uonejsida“y £1033)e)) 331N0SaYy

panunuo)—siapi() puv ‘suoyonSay ‘sainjvis [yuswuonausy awis 7—f 31q9vL

J-16



Applicable Laws, Regulations,

and Other Requirements

‘$321n0531 [BdIS0[0oRYdIR/[BOLIOISIY
a1e)s 109j01d 0} sme| mo[[0] 0) pasinbay

‘syjue} 23e10)s punoidiopun
Sururasuoo suone[ndas moljoj 0y pasinboy

‘Kouale
a[qisuodsas yim uone)nsuod asinbax Aep

‘9)sem snoplezey Suia[oAul
SONIAIIOR SNOLIBA 10) palinbai siuusg

‘A1fenb 1o1em
Sutusaao3 suonendal moj|oj 01 pasinbay

‘suonengal
[011UOD UOISSIWS MO][0} 0) palinbay

"JUIWASES , 9AN09%04d,,
© SE pouIaap pue| UO UOIIINISUOD
19111524 0} 9w Y 0] Jamod siueln)

‘P212A0OUN B SUTRUIAL URIPU]
uedLIAUIY SANEN JI BoneOYnOU sasnbay
‘paLId)ul ISIMIBYIO IO PALINg uadq sey Jey)
asdi0o e Suruauisip woly uosiad e spIqio]
‘Aunbnue jo $193(qo jo jeaowal
1O UOKID3[{OD S} PUE SIS JO UOIBABIXD
10 uoneulwexa ay) 10j painbai uueg

‘sjewiue Jo syuejd payoajoid 1o
‘paudiealy) ‘pasafuepus spodsuel) 10 ‘sade)
‘sassassod oym auokue £q palinbai 11uLRg

A1a100g [EOLI0ISIH QD

s[tQ Jo 10103dsu] arels 0D

uossIWOD) JIP[IM

‘JHIPIIM JO UOISIALT 0D

yifeay jo woeunedaq 0D
‘wwo)
fohiuo) Aiend) 191k 0D

‘wwo)
lonuo) Aiend ity 0D

JUSWUISAOL) 91BIS XL

UOISSIWIWOY) [EIUOISTH X 1.
UOISSIWWO)) [BILOISIH XL

29)IIWO))

woaunreda(g
APIIA Pue SyIed XL

SRV *pT ADLL ‘SUD
81 a|omy
‘6T ANIL 'S Med ‘0T
3V ‘8 3NLL ‘SYD

JONIY ‘6T 9NIL ‘SAD
L3Py ‘gz
ANILL (SAD) samerg
PasIA9Y opelojo)

08
SWA(qUId PuB ‘SIAIYdIE ‘KI0ISIY 91e1S

syue], 98e101§ punoidiapupn)
Z 1Y $2102dg

JPIY ‘€€ ONILL ‘SHD pauaivaiy | pup ‘pasa3uvpusy ‘aunSuoN

£ Med GI
321NV ‘ST ANIL ‘'SYD  ‘a8elo)s quowraFeurw ssem snopiezey|

[esodsip pue

8
12y j043u00)) K11]pNQ 431D, OPDI0]O))

1V 1043u0) K1oN 41y 0pPL0I0)

101-S1 Jadeyd

‘11 3PLL '9p0D NLL
1-6-00% 11dey)
‘suone[n3ay

pue sojny 'dwo) NL
z1g-L1 1adeyd

‘6€ SNLL 9poD NLL

SJUIWIISET IAT1)II)01J 23SSAUUI],

[RLINGSY PUE [RAOWIRY
£1912W3)) UeIpU] UBILISWIY AIBN

asd10)) Jo asnqy aassauua],

SYI9 3Py ‘L
AaAIng [eOLIOISIH A1BIS X  AWN[OA ‘SameIS X1

sexa], Jo apoy) saninbnuy
88

% ‘g9 ‘L9 s1audeyd
‘apoD APIIM
pue syred X1

suone[n3ay JIP[IM Pue syied sexa],

§921N0S§9Y (eininy

BYI0

$301n0sal1 dlolg
$221N0Sal |105 pue

sa)sem snoplezey

$00IN0S3Y 121BM

$90In0s9Y 11y
ope1oo) ‘SLAAY

$92IN0S9Y [eINIn))

$92IN0saY dMoig

smung/Aiqedddy [epuajod

Kouady apqisuodsay

uone|siday

A10391e)) 3danosay

panuyuo)—siapi() puv ‘suoypnday ‘saymvis (puawuoncug IS 7—f 3)9vL

J-17



Storage and Disposition of Weapons-Usable

Fissile Materials Final PEIS

-a1qesijdde jou=yN :910N

“1oedwi dziwiuuw pue 3dYJ0
UONIRAIISAIJ JLIOISIH 18IS YiIM 1jnsuo)
-yoedwi sziwiuiw pue jusunsedaq
$90IN0SAY SULIEN PUE JJIPIIM YIM I[nsuo)

‘3)sem PI|OS JO
asodsIp 10 ‘2101s ‘yean; 0] SpIEpUR)S SAYSI[QeISH]
‘Ajioey [esodsip Jo *a8e101S
Jusuneas) ajsem snopiezey e Kjipow
10 9on15u09 *3je1ado 03 pasinbai jiuusg

‘swiaysAs [esodsip
ajsem prjos [ewsnpuy 10j pannbai ytuiad

‘sa)sem pijos uodsuen
10 *asodsip ‘199]]09 ‘21015 01 painbai yuLdg
"jue)
o3e101s punoidiopun ue Jo uonesyIpow
1o uonoNAsuod o) Joud parmbar ywiag

‘spiepue)s Jajem Suryjuup saysijqeisg

29YJO UOIBAIISAI]
SUOISIH 218§ DS

yuaunreda(q $30IN0SAY
SULRIN pue JTPIIM OS

jonuo)

|eluSWUOlIAUY pue
Yiesy Jjo wawpedaq DS

jonuo)

[eluawuoIIAUg pue
yifesH jo wowneda DS

Aoyiny
lonuod uonnjjod JS

jonuo)

[BIUSWIUOIIAUY puR
yifeay jo wawpedag DS

[onuo)

{eludWUONIAUY puB
yijeay jo yuowpedag DS

jonuo)

|EIUWIUOIIAUT] pUE
yieay jo wowuedaqg DS

012-¢1 sdeyd
‘09 anLL ‘@poD DS
§1 1adey)
‘0S AL ‘apo) DS

96 1a1dey)
‘¥ 9PLL ‘9p0D DS

95 1deyn
‘bt AL ‘2p0D DS

99 1aydey)
‘19 3DLL ‘3P0 DS

09 1adey)
‘19 9LL 9p0D IS

z 1adeyd
‘Pt ALL *2p0D OS

66 19dey)
‘b AL ‘9p0D DS

A3ojodomyiuy pue

A30[0arYyo1y JO AIMINSU] BUI[OJBD YINOS  SIOINOSIY [BIN}ND)

19V uoipau3asuoy) sa12ads paiaSuvpug
pup awpduop vuijoin) ynog

$921n0s9Y onoig

1V wawadpuv

2ISDp P1jOS DUIOIDY) YINOS

10V awadvuovpyy

JISDA| SNOPDIDY] DUNOIDY) YINOS

suone[nday aug jesodsig
2)5BAN PIOS {EIIISNPU] BUI[OIRD) YINOS

suone[ndoy 31sep\ PIOS BUI[OIR)) YINOS

SAINOSIY

DY syunj jlog pue

28p1401§ puno18iapuy) puijo4p) YNos  SISeA\ SNOpIeZeH

10V 4210p4 Suiyuliq 2fvS DUIOIDD YINOS

[onuo)
*301N0s 231BYDSIP J9jem B JO uonedyipowt |ejuswiuoIIAUY pue 89 11dey)
Jo uononnsuod oy Joud pannbaiyuuag  Yjesy jo wawnedsq DS ‘19 9L ‘9poD DS sprepuelg Aijeng) 193ep) eUI[OIRD) YINOS
fonuo)
*95In0s 3aFIeydSIp J2)em € JO uonedytpow [eludWHOIIAUY pue [ dey)d
10 uononnsuod oy Joud pannbar juusg  Yiesy Jo wawedsq DS ‘8F SNIL ‘OPOD DS 19V JO4IUO) UONN]J|Od DUIJOIDY) YINOS $30IN0SY 121BA
[onuo)
"SUOISSIWD |eludwuolIAUg pue L 1adey) 19V 1043100 UOuDIPDY
11 9ANI0ROIpRI 10§ SpIepuels SaysiqeIsy  yiesy Jo wawuedaq DS ‘€1 9PIL ‘9poD DS P KZ12u7g onuory puIoID) YINOS
[01IU0D) [BIUAWUOIIAUF
'SOVVYN ulene o) uoi3ar 9)eig-om1 ay) ul pue yieay uoiday
sanunwuiod Sutpunowuns pue Sy sarmbay  jo wswedaq vo pue DS P11718 D OF jonuo) Aijend) ary uayiy-eisngny
jonuo) splepue)§ pue suone[ngay {0nuo))
*30JNOS JUBUIWEBIUOD B UB JO UONEedyIpow [EIUSWIUOHAUF pue 1 4aydey) uonnjjod Jiy euljoie) ynos/ oy
1o uononnsuod 0y Joud pannbarnuusg  Yeay Jo wswueda g DS ‘8P AL ‘9poD DS j041u00) uonn04d PUIOIDY) YINos $30IN0S2Y iy
euloIe)) YInos ‘sys
s g/Aipqesddy jenuajog K>uady djqisuodsay uoyeN) uone|sidag £108318) 331n053Y

panuyuo)—siapi() puv ‘suoyvnday ‘saynivis iudwuonaug viS 7-f 9ol

J-18



Applicable Laws, Regulations,
and Other Requirements

Table J-3. Selected Department of Energy Environment, Safety, and Health

Orders
DOE Order Order Title
0 151.1 Comprehensive Emergency Management System
0210.1 Performance Indicators and Analysis of Operations Information
0225.1 Accident Investigations
0 231.1 Environment, Safety, and Health Reporting
0232.1 Occurrence Reporting and Processing of Operation Information
0 360.1 Training
0420.1 Facility Safety
0425.1 Startup and Restart of Nuclear Facilities
0 430.1 Life-Cycle Assets Management
0 440.1 Worker Protection Management for DOE Federal and Contractor Employees
0 440.2 Aviation
N441.1 Radiological Protection for DOE Activities
0451.1 National Environmental Policy Act Compliance Program
04521 Nuclear Explosive and Weapons Surety
04522 Safety of Nuclear Explosive Operations
0 460.1 Packaging and Transportation Safety
0 460.2 Departmental Materials Transportation and Packaging Management
0470.1 Safeguards and Security Program
04712 Information Security Program
0472.1 Personnel Security Activities
1300.2A Department of Energy Technical Standards Program
1360.2B Unclassified Computer Security Program
3790.1B Federal Employee Occupational Safety and Health Program
4330.4B Maintenance Management Program
4700.1 Project Management System
5400.1 General Environmental Protection Program
5400.5 Radiation Protection of the Public and the Environment
5480.4 Environmental Protection, Safety, and Health Protection Standards
5480.19 Conduct of Operations Requirements for DOE Facilities
5480.20A Personnel Selection Qualifications, Training, and Staffing Requirements at DOE Reactor and
Nonreactor Nuclear Facilities
5480.21 Unreviewed Safety Questions
5480.22 Technical Safety Requirements
5480.23 Nuclear Safety Analysis Reports
5482.1B Environment, Safety, and Health Appraisal Program
5484.1 Environmental Protection, Safety, and Health Protection Information Reporting Requirements
5530.1A Accident Response Group
5530.3 Radiological Assistance Program
5530.4 Aerial Measuring System
5530.5 Federal Radiological Monitoring and Assessment Center
5630.12A Safeguards and Security Inspection and Assessment Program
5630.13 Master Safeguards and Security Agreements
5632.1C Protection and Control of Safeguards and Security Interests
5633.3B Control and Accountability of Nuclear Materials
5700.6C Quality Assurance
5820.2A Radioactive Waste Management
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Table J-4. Applicable Nuclear Regulatory Commission Guidelines

Guide Number Title Latest Rev. Date

33 Quality Assurance Program Requirements for Fuel Reprocessing Plants and  3/74
for Plutonium Processing and Fuel Fabrication Plants

3.7 Monitoring of Combustible Gases and Vapors in Plutonium Processing and  3/73
Fuel Fabrication Plants

3.10 Liquid Waste Treatment System Design Guide for Plutonium Processing and 6/73
Fuel Fabrication Plants

312 General Design Guide for Ventilation Systems of Plutonium Processing and 8/73
Fuel Fabrication Plants

3.14 Seismic Design Classification for Plutonium Processing and Fuel Fabrication 10/73
Plants

3.16 General Fire Protection Guide for Plutonium Processing and Fuel Fabrication 1/74
Plants

3.21 Quality Assurance Requirements for Protective Coatings Applied to Fuel 3774
Reprocessing and to Plutonium Processing and Fuel Fabrication Plants

3.28 Welder Qualifications for Welding in Areas of Limited Accessibility in Fuel 5/75
Reprocessing and in Plutonium Processing and Fuel Fabrication Plants

329 Preheat and Interpass Temperature Control for the Welding of Low-Alloy 5175

Steel for Use in Fuel Reprocessing Plants and in Plutonium Processing and
Fuel Fabrication Plants
335 Assumptions Used for Evaluating the Potential Radiological Consequences of 7/79
Accidental Nuclear Criticality in a Plutonium Processing and Fuel
Fabrication Plant

3.39 Standard Format and Content of License Applications for Plutonium 1776
Processing and Fuel Fabrication Plants

3.40 Design Basis Floods for Fuel Reprocessing Plants and for Plutonium 12/72
Processing and Fuel Fabrication Plants

347 Nuclear Criticality Control and Safety of Homogeneous Plutonium-Uranium 7/81

Fuel Mixtures Qutside Reactors
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Appendix K
Biological Resources

Table K-1 contains a listing of the scientific names of common, nonthreatened, and nonendangered animal and
plant species found in Chapters 3 and 4. Species are grouped and listed in alphabetical order by common name.
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Socioeconomics

Appendix L
Socioeconomics

L1 INTRODUCTION

Appendix L includes the supporting data used for assessing the No Action Alternative in the socioeconomics
sections of this programmatic environmental impact statement. The socioeconomic analysis involved two major
steps: (1) the characterization and projection of existing social, economic, and infrastructure conditions
surrounding each of the candidate sites (that is, the affected environment); and (2) the evaluation of potential
changes in socioeconomic conditions that could result from alternatives in the regions addressed (that is, the
environmental consequences). Data and analyses used to support the assessment made for the socioeconomic
sections for the No Action Alternative are presented in Tables L.1-1 to L..1-90. Data and analyses used to
support the assessment of potential impacts as a result of project alternatives are contained in a separate report
(Socio 1996a).

The socioeconomic environment is defined for two geographic regions: the regional economic area (REA) and
the region of influence (ROI). REAs are used to assess potential effects on the regional economy, and ROIs are
used to assess effects that are more localized in political jurisdictions surrounding the sites.

The REA for each site encompasses a broad market that involves trade among and between regional industrial
and service sectors and is characterized by strong economic linkages between the communities in the region.
These linkages determine the nature and magnitude of multiplier effects of economic activity (purchases,
earnings, and employment) at each site. REAs are defined by the U.S. Bureau of Economic Analysis and consist
of an economic node that serves as the center of economic activity, and the surrounding counties that are
economically related and include the places of work and residences of the labor force.

Potential demographic impacts were assessed for each ROI, a smaller geographic area where the housing market
and local community services would be most affected. Site-specific ROIs were identified as those counties
where approximately 90 percent of the current Department of Energy and/or contractor employees reside. This
residential distribution reflects existing commuting patterns and attractiveness of area communities for people
employed at each site and is used to estimate the future distribution of in-migrating workers.
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Socioeconomics

Table L.1-2. Distribution of Employees by Place of Residence

in the Hanford Site Region of Influence, 1996

Number of Employees Total Site Employment
County/City (percent)
Benton County 11,494 78.8
Kennewick 4,230 29.0
Richland 5,295 36.3
West Richland 1,109 7.6
Franklin County 1,298 8.9
Pasco 1,284 8.8
Yakima County 452 3.1
[Text deleted.]
ROI Total 13,244 90.8

Note: City values are included within county totals.

Source: HF 1996a:2.

Table L.1-3. Distribution of Employees by Place of Residence

in the Nevada Test Site Region of Influence, 1991

Number of Employees Total Site Employment
County/City (percent)
Clark County 6,270 81.7
Henderson 357 4.7
Las Vegas 5,352 69.7
North Las Vegas 505 6.6
Nye County 1,173 153
ROI Total 7,443 97.0

Note: City values are included within county totals.

Source: NTS 1991a:1.

Table L.1-4. Distribution of Employees by Place of Residence
in the Idaho National Engineering Laboratory Region of Influence, 1991

Number of Employees

Total Site Employment

County/City (percent)
Bannock County 342 53
Pocatello 317 49
Bingham County 576 8.9
Blackfoot 460 7.1
Bonneyville County 4,893 75.7
Idaho Falls 4,750 73.5
Butte County 123 1.9
Jefferson County 419 6.5
Rigby 320 49
ROI Total 6,353 98.3

Note: City values are included within county totals. Employees do not include Westinghouse or ICPP. The percent of employees
residing in each city and county in this table were used to analyze socioeconomic effects. These percentages differ from the
updated percentages shown in paragraph 3.4.8 which did not include city data. City data is required to conduct the

socioeconomic analysis.
Source: INEL 1991a:6.
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Table L.1-5. Distribution of Employees by Place of Residence
in the Pantex Plant Region of Influence, 1994

Number of Employees Total Site Employment
County/City (percent)
Armstrong County 51 1.4
Carson County 191 54
Potter County 1,224 344
Amarillo 3,030 85.1
Randall County 1,943 54.6
ROI Total 3,409 95.8

Note: City values are included within county totals. Potter and Randall Counties each reflect a part of Amarillo.
Source: PX 1994a:2.

Table L.1-6. Distribution of Employees by Place of Residence
in the Oak Ridge Reservation Region of Influence, 1990

Number of Employees Total Site Employment
County/City (percent)
Anderson County 5,053 33.1
Clinton 1,035 6.8
Oak Ridge 3,292 21.6
Knox County 5,490 36.0
Knoxville 4,835 31.7
Loudon County 848 5.6
Lenoir City 638 42
Roane County 2,537 16.6
Harmiman 802 53
Kingston 1,033 6.8
ROI Total 13,928 91.3

Note: City values are included within county totals.
Source: ORR 1991a:4.

Table L.1-7. Distribution of Employees by Place of Residence
in the Savannah River Site Region of Influence, 1991

Number of Employees Total Site Employment
County/City (percent)
Aiken County 9,978 519
Aiken 4,928 25.7
North Augusta 2,666 13.9
Allendale County 217 1.1
Bamberg County 329 1.7
Barnwell County 1,401 7.3
Columbia County 2,036 10.6
Richmond County 3,358 17.5
Augusta 2,780 14.5
ROI Total 17,319 90.1

Note: City values are included within county totals.
Source: SRS 1991a:3.
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Table L.1-8. Distribution of Employees by Place of Residence in the Rocky Flats Environmental
Technology Site Region of Influence, 1995

Number of Employees Total Site Employment
County/City (percent)
Adams County 887 20.0
Westminster 637 14.4
Thornton 230 52
Arapahoe County 158 3.6
Boulder County 1,135 25.6
Broomfield 373 8.4
Longmont ' 227 5.1
Denver County 276 6.2
Jefferson County 1,559 35.2
Arvada 659 14.9
ROI Total 4,015 90.6

Note: City values are included within county totals.
Source: RFETS 1995a:1.

Table L.1-9. Distribution of Employees by Place of Residence in the Los Alamos National Laboratory
Region of Influence, 1991

Number of Employees Total Site Employment
County/City (percent)
Los Alamos County 4,697 48.3
Rio Arriba County 2,027 20.8
Espanola 944 9.7
Santa Fe County 1,851 19.0
Santa Fe 1,548 15.9
ROI Total 8,575 88.1

Note: City values are included within county totals.
Source: LANL 1991b:6.

L-5



Storage and Disposition of Weapons-Usable

Fissile Materials Final PEIS

“[1=1"T3148L ‘P1661 SNSU3D :321n0g
"$[e10) AJUNOD UIYIIM Papn(oul a8 sanfea 11D 910N

002807 009'v61 008°181 006°€LI 00v'991 005'8S1 00£°0S 1 006'0%1 le10], 10y
['porojop ixaL]
006111  009'%01 00L'L6 005'€6 00¥'68 007's8 008'08 00L'SL funo) ewpjeg
00S°CH 0oLt 006°01 00t'01 000°01 0056 0006 005'8 odsed
008‘1C 0002 00l‘61 00T7'81 00v'L1 00991 00LS1 008'v1 £&uno) urpuel
00t'e 001°t 006'C 008'C 00L'T 00SC 00¥°T 00Tt pueyary 159M
00€‘TT 008°0T 00s'61 00981 008°L1 000°LI 00191 001°S1 puejyory
00€£°8T 005'9T 00L'¥vT 009°¢cT 009z 00912 00v'0T 00Z°61 AOIMauua)y
00SvL 00969 000°S9 00279 009°6S 00L'9¢ 008°tS 00t°0S Kuno) uoyudg
0407 0£0T 0207 S107 0107 $007 0007 S661 INTIO Y3 LLVe)
0£0Z-S661 ‘Snup) Suisnopy 4ajusy pup 42um() Jo 4aquiny [v1of asuanyfu] fo uor3ay ang psofuvy Zr-1771 319vL
‘99661 D0 ‘89661 DOA ‘fP661 DO *BSE61 SNSUID ‘0p66] SISUD NEEHT SNSUI) :901N0§
'S[e101 Junod unfiim papn[out aie sanjea A1) :PloN
009°'89¢ 001°1€€ 00T'96¥ 008‘vLYy 00€'vSP 006°CEP 00z'01¥ 00L'p8E 1810k, 108
['parap 1xaL ]
000°11¢€ 005062 0ov'1LT 00L'65T 00S'84T 008'9¢7 00v'¥TT oov'ole £yuno) ewnjex
008‘ve 00S°Z€ 00v'0g 000°67 008°LT 00597 001°sT 00S'€T oosed
000°v9 00L‘6S 008°SS 00v'eS 001°t¢ 00L‘8Y 001°9¢ 00g'er funo) uspjuesy
00L'8 0078 009°L 00¢g°L 000°'L 00L‘9 00€'9 006'S PUBIYITY ISOM
00S°€S 000°0S 00L'9Y 00L' vy 008y 0oL‘ov 009'8¢ 002'9¢ pueiyory
000°TL 00£°'L9 00629 00209 009°LS 008'v¢ 000°ZS 00L'8Y HoImauuly
009°¢61 006°081 000°691 00L°191 00LYSI 00¥'L¥1 00L°6€1 00°1€l Ayuno) uoyuag
114174 0€0T 0207 170114 0107 - §00¢ 000T $661 Anp/Auno)
0$02-S661 ‘uoyvndod aduanyfu fo uo13ay ang psofuvy “I1-17 319vL
"BG661 10d ‘81661 TOA 99661 D0 89661 D0 ‘85661 D0 661 DOA ‘BSE61 SNSUD '0p66] SNSUID HYEGE( SNSUID 192IN0g
6L0°8C €€7°9C 80S'vT 1€6'€T Ivv'ce 18€'1C 6570 966'81 (s1ejop) awodul ejides 13g
(szeop jo
0v6'967'ST  0T0080'CT 1€T'TLT61 LTT'O9L LI 807°LS1°91 6LT L9V 6vT'891°¢l L86'LLS 11 spuesnoyy) awooul jeuosiod [ejoL,
I'é6 I'6 I'é 16 I'6 1'6 1'6 16 (1udo13d) 9el yuswojdwaupn
00€'9PP 00091¢ 005'68¢€ 000'pLE 009°9S€ 008‘6E€ 000'TZ€ 006'10€ uawfojdwa feiof,
00L'06¥ 005°8SY 00¢'8TY 00T 1Y 00T°'T6E 00L‘ELE 00['vSe 000°T€E 9210J loqe] uel{IAly
0p07 0€0¢ 0707 s102 0107 $002 0002 S661 B3IV JIWIOU0DY [euoiday

0P0Z-S661 ‘Curouodrsy puv juawojdwisy vasy do1uouoas jpuorday ans piofuvy  or-177 21921

L-6



*11-1"1 9I9®L ‘8966 | 0120S :22In0S
"SIOLISIP [00YIS 3I8 SEase Papjoqun pue s[elo) KJunoos a1 sease papjog 210N

Socioeconomics

65911 7s1'901 ¥61'66 0S6'v6 $¥806 155'08 €08 1689L [e10L 104
06S'1 08%‘1 06€'1 0€e‘l oLT'l 01Tl 0S1‘l 0L0°l 1owsIq yeliz
0LL'81 0€S‘LI 08¢€'91 0L9'S1 000°s1 06Z'%1 0bS'cl 00L'Tl wusIg ewex
0019 00L'S 0ze's 060'S 0L8'Y 0v9'y 00ty 0El'y st A3][eA 1S9M
09S'¥y 09Z'v 086'€ 018'¢ 059'€ OLY'E 062'c - 060'€ LIS oredep
0L 0L9 0£9 009 oLS 0SS 0zs 08t 1usiq den uotun
00b'y oIy ovs'c 089'¢ 0Ts'e 0S€‘€ 081°¢ 086'C wusiq ysuaddoy,
0699 0ST'9 ov8's 08s°S ove's 060'S 0T8'y 0zs'y wuIsiq apisAuung
0S6'y 029'¥ 0ZE'y 0El'Yy 096'¢ OLL'E 0LS'E 0S€'e 1vmsiq yeas
090'C 026'1 008°1 ocL'l 0S9°1 0LS‘1 06¥'1 06€°1 10181 A3][eA SaYdEN
0v9'l 0€S‘1 oYl OLE'l o1€l 0SZ'l 081°l o111 10LISI(] SWepy Wuno
081°l o1 0£0'1 066 ov6 006 0S8 008 PIsI UoIqe N
06" 00%'1 00€'l 0sz'l 061'1 ovl‘l 080°1 0101 wsiq pueysiy
0€9'1 0zs‘1 o'l 09¢€'l 0I€l ove't 081°1 001°1 1siq Jeduern
068'¢€ 0£9°¢ 06¢€'€ 0ST'€ orr‘e 096'C 018'C 0£9'C 1DINSI m3tApuRID
ozl'e 016'C 0zL'T 009°C 06¥C 0LE'T 0ST'T 011'C 1ousi A3)|eA 1seq
06L°T9 0£9'8S 06L'vS 0Eb'TS 081°0S 008'LY 01E'SY oLY'Ty funo) ewnjex
sz T T 12 (174 61 8l Ll siq fels
0€P'0l 0SL'6 o116 oTL's ove's 0S6°L 0€S‘L 090°'L 1sIq odsed
019'C oY’ 0LZ'T 081°C 080°C 086'1 0881 09L°t WIS ulpjuel] yuoN
ol ozl ozl o1l (1] 81 001 96 06 1IsIq smojyey
S6l'cl yTeTl TSl 1€0°11 0ss‘0l 6001 vZs'6 LT6'8 funo) uipjueay
09L11 06601 0LZ°01 0£8°6 00¥'6 096'8 06%'8 096'L 108 puejyory
0£8°€ 08S'€ ove's 00Z'¢ 090°¢ 076'C 09L'T 06S'T RlliN g FERNUR|
6 88 8 6L SL (4 89 9 13LIS1(] UosIa)ed
060°'C 0S6'l 0T8'l 0SL‘l 0L9'l 06S‘1 0IS'l o1l 101s1(J UoIu3g BuOLy|
0£T'81 0£0'L1 016'S1 0€T'SI 0LS'p1 088°€1 091°¢l OvE'T PLSI YOIMauudY
0L9'1 09¢'t 09t'l 00¥'1 ove'l 08Z'l 01Z'1 o€l s Asjutyg
vLY'LE 861°SE 788'T¢ 68Y'1€ SII'0E T0L'8T 861°LT Y6¥'ST £yuno) uojuag
(11 {174 0£07 0202 S102 0102 S007 0002 S661 An)/Kuno)

0p0Z-S661 ‘uawjjosur] yuapmg ief 2ouangfu] Jo uor3ay ang piofuvy “€1-17 31901



Storage and Disposition of Weapons-Usable

Fissile Materials Final PEIS

"TI=1"T3I9eL ‘9661 010G :901n0g
"SIOLISIP O0YJS I8 SBaJE PAp[OquN pue S[elo] AJUN0D 318 Seale papiog 910N

€209 1£9°S 6ST'S ££0°S LIgY L8S'Y Lye'y LLOY €101 10
8L tL 89 $9 9 65 9¢ 139 1wIsIq Yeliz
LSO'1 886 €76 £88 S8 $08 £9L 91L 101Isi(] ewiye
70t £8¢ ¥9¢ £5¢ (44 0te 81T s0¢ sIq A3][eA 159M
9T¢ e L6l 681 181 cLl £91 139 | 1IIsI oredem
o 8¢ 133 be [43 £ 6¢ LT 1siq den uotun
874 Y44 01t 102 t6l ¥81 vLl €91 wisI( ystuaddog,
ove 81t L6T $8¢ e 65T Sve 0tc 1sIq apishuung
9¢¢ 6¢£C (X44 vic 1114 S61 S8l €Ll pIsIq Yyelas
<ol $6 68 S8 18 8L tL 69 1S A3]|eA saYdeN
88 t8 LL bL 1L L9 ¥9 09 PISI swepy Junoy
99 (£ LS 153 139 0s 17 194 wusiqg uoigeN
6L vL 69 99 £9 09 LS 143 wsiq puelysiy
12 8L €L oL L9 9 19 LS s 123ue)
961 €81 1L1 91 LS1 61 [44] el PUISIJ matapuern
£91 (4! (44! 9¢1 Ot 144! 811 118 1LSIq A3)[eA Iseq
8It'e To1'e L68T €LL'T ¥S9'T L26'T 96£°C LYT'T fyuno) ewnjex
€ t £ € [4 [4 C C PLIsIq 1eIs
v19 vLS LES 1A 8Y 16v L9 19347 Siy LIS oosed
441 Iel 1 X4 811 [41! LOI 201 . §6 wsIq utpjuely yuoN
[44 1T 0c 61 81 L1 91 Sl ousiq smojyey
08L 6CL 89 €S9 £79 £6S £9¢ Les &yuno) uipjuesy
9LS 6€£S €0S 18¢ 19% 6ty 91y 06¢ PUIsI( pueiyory
19114 z6l 6L1 L1 9l 9¢I 14| 6¢l 1S 19ssold
9 9 S S S S 14 14 1UISIq uosianed
[43 16 06 S8 8L vL 0L 99 10LIISI(J uoiudg BUOL
LS6 v68 Ge8 66L S9L 6CL 069 LY9 12LISI AdImduusly
¥8 8L €L 0L L9 9 09 LS wisiq Asquig
ST6'1 008°I 0891 L091 ovs'l L9l 88¢€°( £0¢"l fyuno) uojuag
(114114 0£02 0702 s1o0t 0102 $00T 000¢ S661 Anp/Kuno)

0Y07-S661 ‘s43yov3] fo 4aquny 1030 aouangfu] fo uo1Say ang psofuvy

PI-T"12192L



Socioeconomics

“11-1""13I9BL ‘8966 01208 :92IN0S

Jaquinu 1unod ut papn|aul SN JOY-UON 910N

182'C €EI‘T 166t 9061 €281 LEL'L 8¥9'1 223 [e10L 10Y
['paratap 1xaL ]
19€1 Ul 881°1 LET] 880°1 9€0°1 786 126 fyuno) ewnyex
174 911 801 01 66 6 06 8 0dsed
Y44 (1]§4 961 881 6L1 1Ll 91 49 Ayuno) uipjuesy
8Y S W o 8¢ 9¢ <3 43 pue[yary 159M
L9 €9 6 9 149 IS 6 9 puelyory
¢8 08 L IL 89 9 29 8¢ Yormauuay
ILE LYE vZe (1] £ L62 €8¢ 892 162 Ayuno) uojuag
00T 0£02 0202 S107 0102 S007 0002 S661 AnD/Auno)
00Z-S661 ‘S4d1y31fo1d fo saquunN [viof aousngfu] fo uor3ay ang piofuvy 9I-171 21921
“11-1"T219BL *BG661 fOd 221n0§
‘1quinu A)unod ul papnjoul SANI JOY-UON 310N
L £69 89 129 €65 <S9S 9¢S €08 1e10L 104
["paorap 1xaL}
£8€ 86¢ SEE (1743 90¢ 76T LLT 65T fyuno) ewyex
9 09 9 S IS 6y 9 44 0ose
i€ 62 LT 9T ST 174 €T IC £yuno) uipjueay
Sl vl €1 €l 4 i 1 ol PUBYOIY 1SIM
99 29 8¢ 39 €S 0S 12 9% puejyry
66 26 98 €8 6L SL IL L9 YoImauuay|
8 8L €L oL L9 9 09 LS £uno) uoyuag
0p07 0£02 0207 S107 0102 S0027 0007 S661 AnD/Kuno)

0P0T-S661 ‘S499YJQ 221104 utomg fo saquiny [v1of asuanifuf fo uor3ay ans piofuvyy ‘SI-I'71 319vL



Storage and Disposition of Weapons-Usable

Fissile Materials Final PEIS

Table L.1-17. Hanford Site Region of Influence Hospital Occupancy Rates, 1995-2040

1995 2000 2005 2010 2015 2020 2030 2040
County/City (percent) (percent) (percent) (percent) (percent) (percent) (percent) (percent)
Benton County 48 52 54 57 60 62 67 71
Franklin County 48 51 54 56 59 61 66 70
Yakima County 53 57 60 63 68 72 72 73
ROI Average 51 54 57 60 63 66 70 75

Source: AHA 1995a; Table L.1-11.

Table L.1-18. Hanford Site Region of Influence Total Number of Doctors, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Benton County 151 161 170 178 186 195 208 223
Franklin County 42 4 47 49 51 54 57 61
Yakima County 279 297 314 329 344 359 385 412
ROI Total 472 502 531 556 581 608 650 696

Source: AMA 1995a; Table L.1-11.
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Table L.1-25. Nevada Test Site Region of Influence Total Number of Firefighters, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Clark County 925 1,082 1,216 1,347 1,455 1,573 1,750 1,948
Henderson 90 105 118 131 141 153 170 189
Las Vegas 330 386 434 481 520 562 625 696
North Las Vegas 71 83 94 103 - 112 121 135 150
Nye County 137 161 181 200 216 233 260 289
ROI Total 1,553 1,817 2,043 2,262 2,444 2,642 2,940 3,271

Note: Non-ROI cities are included within county number.
Source: Socio 1996a; Table L.1-20.

Table L.1-26. Nevada Test Site Region of Influence Hospital Occupancy Rates, 1995-2040

1995 2000 2005 2010 2015 2020 2030 2040
County/City (percent) (percent) (percent) (percent) (percent) (percent) (percent) (percent)

Clark County 63 74 83 92 99 107 119 133
Nye County 34 40 45 50 54 59 65 73
ROI Average 62 73 82 91 98 106 118 131

Source: AHA 1995a; Table L.1-20.

Table L.1-27. Nevada Test Site Region of Influence Total Number of Doctors, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040

Clark County 1,283 1,501 1,689 1,858 2,009 2,172 2,417 2,689
Nye County 7 8 10 11 11 12 14 15
RO Total 1,276 1,493 1,679 1,869 2,020 2,184 2,431 2,704

Source: AMA 1995a; Table L.1-20.
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Table L.1-30. Idaho National Engineering Laboratory Region of Influence Total Number of Owner and
Renter Housing Units, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Bannock County 26,800 28,600 29,800 30,900 32,100 33,300 35,600 37,900

Pocatello 19,800 21,100 22,000 22,800 23,700 24,600 26,300 28,000
Bingham County 13,200 14,100 14,700 15,200 15,800 16,400 17,500 18,700

Blackfoot 4,000 4,200 4,400 4,600 4,800 4,900 5,300 5,600
Bonneville 27,900 29,700 30,900 32,100 33,300 34,600 36,900 39,400

County

Idaho Falls 19,100 20,300 21,200 22,000 22,800 23,700 25,300 26,900
Butte County 1,100 1,200 1,300 1,300 1,400 1,400 1,500 1,600
Jefferson County 5,600 6,000 6,300 6,500 6,700 7,000 7,500 8,000

Rigby 1,100 1,100 1,200 1,200 1,300 1,300 1,400 1,500
ROI Total 74,600 79,600 83,000 86,000 89,300 92,700 99,000 105,600

Note: City values are included within county totals.
Source: Census 1991n; Table L.1-29.

Table L.1-31. Idaho National Engineering Laboratory Region of Influence Total Student
Enrollment, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Bannock County 15,930 16,970 17,690 18,360 19,060 19,800 21,120 22,530
Marrsh Valley 1,740 1,850 1,930 2,010 2,080 2,160 2,310 2,460

Pocatello 14,190 15,120 15,760 16,350 16,980 17,640 18,810 20,070
Bingham County 11,730 12,510 13,040 13,540 14,050 14,590 15,570 16,610
Aberdeen 1,010 1,080 1,120 1,170 1,210 1,260 1,340 1,430
Blackfoot 4,570 4,870 5,080 5,270 5,470 5,680 6,060 6,460
Firth 1,140 1,220 1,270 1,320 1,370 1,420 1,520 1,620
Snake River 2,590 2,760 2,880 2,990 3,100 3,220 3,440 3,670
Shelley 2,420 2,580 2,690 2,790 2,900 3,010 3,210 3,430
Bonneville 19,300 20,560 21,430 22,230 23,100 23,990 25,580 27,290
County
Bonneville 7,780 8,290 8,640 8,960 9,310 9,670 10,310 11,000
Idaho Falls 11,420 12,170 12,680 13,160 13,670 14,200 15,140 16,150
Swan Valley 100 100 110 110 120 120 130 140
Butte County 740 790 820 850 890 920 980 1,050
Arco 740 790 820 850 890 920 980 1,050
Jefferson County 5,760 6,130 6,400 6,640 6,890 7,160 7,630 8,150
Jefferson 4,230 4,500 4,690 4,870 5,060 5,250 5,600 5,980
Ririe 760 810 850 880 910 950 1,010 1,080
West Jefferson 770 820 860 890 920 960 1,020 1,090
ROI Total 53,460 56,960 59,380 61,620 63,990 66,460 70,880 75,630

Note: Bolded areas are county totals and unbolded areas are school districts.
Source: Socio 1996a; Table L.1-29.
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Table L.1-32. Idaho National Engineering Laboratory Region of Influence Total Number of Teachers,

1995-2040
County/City 1995 2000 2005 2010 2015 2020 2030 2040
Bannock County 872 929 968 1,004 1,043 1,084 1,156 1,233
Marsh Valley 105 112 117 121 126 131 140 149
Pocatello 767 817 851 883 917 953 1,016 1,084
Bingham County 629 671 697 724 753 782 834 889
Aberdeen 60 64 66 69 72 74 79 84
Blackfoot 264 282 293 304 316 329 350 374
Firth 61 65 67 70 73 76 81 86
Snake River 135 143 150 155 161 167 179 190
Shelley 109 117 121 126 131 136 145 155
Bonneville County 1,043 1,110 1,159 1,202 1,248 1,297 1,383 1,474
Bonneville 429 457 477 495 514 534 569 607
Idaho Falls 609 648 676 701 728 757 807 860
Swan Valley 5 5 6 6 6 6 7 7
Butte County 46 49 51 52 55 57 60 64
Arco 46 49 51 52 55 57 60 64
Jefferson County 300 320 333 344 359 373 397 424
Jefferson 215 229 238 247 257 267 285 304
Ririe 39 42 44 45 47 49 52 56
West Jefferson 46 49 51 52 55 57 60 64
ROI Total 2,890 3,079 3,208 3,326 3,458 3,593 3,830 4,084

Note: Bolded areas are county totals and unbolded areas are school districts.
Source: Socio 1996a; Table L.1-29.

Table L.1-33. Idaho National Engineering Laboratory Region of Influence Total Number of Sworn Police

Officers, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Bannock County 55 58 61 63 65 68 72 77
Pocatello 80 85 89 92 96 99 106 113
Bingham County 39 42 44 45 47 49 52 56
Blackfoot 19 20 21 22 23 24 26 27
Bonneville County 47 50 52 54 56 58 62 66
Idaho Falls 83 88 92 96 99 103 110 117
Butte County 4 4 4 5 5 5 5 6
Jefferson County 11 12 12 13 13 14 15 16
Rigby 6 6 7 7 7 8 8 9
ROI Total 344 365 382 397 411 428 456 487

Source: DOJ 1995a; Table L.1-29.
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Table L.1-34. Idaho National Engineering Laboratory Region of Influence
Total Number of Firefighters, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Bannock County 50 53 56 58 60 62 66 71
Pocatello 71 76 79 82 85 88 94 100
Bingham County 56 60 62 65 67 70 74 79
Blackfoot 40 43 4 46 48 50 53 57
Bonneville County 35 37 39 40 42 44 46 49
Idaho Falls 88 94 98 101 105 109 117 124
Butte County 23 25 26 26 28 29 30 33
Jefferson County 90 96 100 104 108 112 119 127
Rigby 12 13 13 14 14 15 16 17
ROI Total 465 497 517 536 557 579 615 657

Source: Socio 1996a; Table L.1-29.

Table L.1-35. Idaho National Engineering Laboratory Region of Influence Hospital Occupancy Rates,

1995-2040
1995 2000 2005 2010 2015 2020 2030 2040
County/City (percent) (percent) (percent) (percent) (percent) (percent) (percent) (percent)

Bannock County 49 52 54 56 58 60 64 69
Bingham County 62 66 68 71 74 77 82 87
Bonneville County 50 53 55 57 59 62 66 70
Butte County NA NA NA NA NA NA NA NA
Jefferson County NH NH NH NH NH NH NH NH
ROI Average 51 54 57 59 61 63 68 72

Note: NA=not available. Some hospitals in Butte County unable to provide occupancy data; NH=no hospitals are located in
Jefferson County.

Source: AHA 1995a; Table L.1-29.

Table L.1-36. ldaho National Engineering Laboratory Region of Influence Total Number of Doctors,

1995-2040
County/City 1995 2000 2005 2010 2015 2020 2030 2040
Bannock County 112 120 125 129 135 140 149 159
Bingham County 21 23 24 24 25 26 28 30
Bonneville County 131 139 145 150 156 162 173 185
Butte County 0 0 0 0 0 0 0 0
Jefferson County 3 3 3 3 4 4 4 4
ROI Total 267 285 297 306 320 332 354 378

Source: AMA 1995a; Table L.1-29.
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Table L.1-38. Pantex Plant Region of Influence Population, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Armstrong County 2,100 2,100 2,100 2,200 2,200 2,300 2,300 2,400
Carson County 6,600 6,700 6,800 6,900 7,000 7,100 7,400 7,700
Potter County 103,300 105,000 106,200 107,700 109,700 111,600 116,000 120,500

Amarillo 165,600 168,400 170,200 172,800 175,900 179,000 186,000 193,200
Randall County 94,400 96,000 97,100 98,500 100,300 102,100 106,000 110,200
ROI Total 206,400 209,800 212,200 215,300 219,200 223,100 231,700 240,800

Note: Amarillo is divided across Potter and Randall Counties. The population shown for Amarillo is for the whole city. Potter and
Randall County totals represent their share of Amarillo.

Source: Census 1993w; Census 19940; Census 1995a; DOC 1994j; DOC 1996a; DOC 1996b.

Table L.1-39. Pantex Plant Region of Influence Total Number of Owner and Renter
Housing Units, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Armstrong County 800 800 800 900 900 900 900 1,000
Carson County 2,600 2,600 2,700 2,700 2,800 2,800 2,900 3,000
Potter County 43,300 44,000 44,500 45,100 45,900 46,800 48,600 50,500

Amarillo 69,600 70,800 71,600 72,700 74,000 75300 782200 81,200
Randall County 38,700 39,300 39,700 40,300 41,100 41,800 43,400 45,100
ROI Total 85,400 86,700 87,700 89,000 90,700 92,300 95,800 99,600

Note: Amarillo is divided across Potter and Randall Counties. The value shown for Amarillo is for the whole city. Potter and
Randall County totals each represent their share of Amarillo.

Source: Census 1991m; Table L.1-38.

Table L.1-40. Pantex Plant Region of Influence Total Student Enrollment, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Armstrong County 400 410 410 420 430 440 450 470
Claude 400 410 410 420 430 440 450 470
Carson County 1,430 1,450 1,470 1,490 1,520 1,550 1,610 1,670
Groom 230 230 240 240 240 250 260 270
Panhandle 730 740 750 760 780 790 820 850
White Deer 470 480 480 490 500 510 530 550
Potter County 2,390 2,440 2,460 2,500 2,560 2,590 2,700 2,810
Bushland 380 390 390 400 410 410 430 450
Highland Park 690 700 710 720 740 750 780 810
River Road 1,320 1,350 1,360 1,380 1,410 1,430 1,490 1,550
Amarillo 29,020 29,520 29,840 30,280 30,820 31,380 32,590 33,860
Randall County 6,480 6,590 6,660 6,760 6,880 7,000 7,270 7,550
Canyon 6,480 6,590 6,660 6,760 6,880 7,000 7,270 7,550
ROI Total 39,720 40,410 40,840 41,450 42210 42960 44,620 46,360

Note: Amarillo School District values not included within county totals; bolded areas are county totais, and unbolded areas are
school districts.

Source: Socio 1996a; Table L.1-38.
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Table L.1-41. Pantex Plant Region of Influence Total Number of Teachers, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Armstrong County 33 34 34 35 35 36 37 39
Claude 33 34 34 35 35 36 37 39
Carson County 122 124 126 128 130 133 137 142
Groom 20 20 21 21 21 22 23 23
Panhandle 59 60 61 62 63 64 66 69
White Deer 43 44 44 45 46 47 48 50
Potter County 165 169 171 173 176 179 185 194
Bushland 27 28 28 28 29 29 30 32
Highland Park 57 58 59 60 61 62 64 67
River Road 81 83 84 85 86 88 91 95
Amarillo 1,746 1,776 1,795 1,821 1,854 1,887 1,961 2,037
Randall County 372 379 383 388 395 402 418 434
Canyon 372 379 383 388 395 402 418 434
ROI Total 2,438 2,482 2,509 2,545 2,590 2,637 2,738 2,846

Note: Amarillo School District values not included within county totals; bolded areas are county totals, and unbolded areas are
school districts.
Source: Socio 1996a; Table L.1-38.

Table L.1-42. Pantex Plant Region of Influence Total Number of Sworn Police Officers, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Armstrong County 3 3 3 3 3 3 3 4
Carson County 5 5 5 5 5 5 6 6
Potter County 126 129 130 132 134 137 142 147

Amarillo 254 258 261 265 270 274 285 296
Randall County 76 78 78 80 81 82 86 89
ROI Total 463 473 477 485 493 501 522 542

Note: Amarillo City values not included within county totals. Non-ROI cities included within county numbers.
Source: DOJ 1995a; Table L.1-38.

Table L.1-43. Pantex Plant Region of Influence Total Number of Firefighters, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Armstrong County 39 40 4] 41 42 43 44 46
Carson County 90 92 93 94 96 98 101 105
Potter County 0 0 0 0 0 0 0 0

Amarillo 214 217 220 223 227 231 240 249
Randall County 69 70 71 72 74 75 78 81
ROI Total 412 419 425 430 439 447 463 481

Note: Amarillo City values not included within county totals. Non-ROI cities included within county numbers.
Source: Socio 1996a; Table L.1-38.
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Table L.1-44. Pantex Plant Region of Influence Hospital Occupancy Rates, 1995-2040

1995 2000 2005 2010 2015 2020 2030 2040
County/City (percent) (percent) (percent) (percent) (percent) (percent) (percent) (percent)
Armstrong County NH NH NH NH NH NH NH NH
Carson County NH NH NH NH NH NH NH NH
Potter County 56 57 58 59 60 61 63 66
Randall County 32 33 33 33 34 35 36 37
ROI Average 56 57 57 58 59 60 62 65

Note: NH=No hospitals located in Armstrong or Carson Counties.

Source: AHA 1995a; Table L..1-38.

Table L.1-45. Pantex Plant Region of Influence Total Number of Doctors, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Armstrong County 0 0 0 0 0 0 0 0
Carson County 0 0 0 0 0 0 0 0
Potter County 396 403 407 413 421 428 445 462
Randall County 12 12 12 13 13 13 14 14
ROI Total 408 415 419 426 434 441 459 476

Source: AMA 1995a; Table L.1-38.
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Table L.1-47. Oak Ridge Reservation Region of Influence Population, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Anderson County 72,100 76,700 80,400 84,100 87,700 91,400 97,700 104,500
Clinton 10,400 11,000 11,500 12,100 12,600 13,100 14,000 15,000
Oak Ridge 28,600 30,400 31,800 33,300 34,700 36,200 38,700 41,400
Knox County 361,900 385,000 403,400 422,100 440,000 458,500 490,500 524,600
Knoxville 171,400 182,400 191,100 200,000 208,400 217,200 232,300 248,500
Loudon County 35,500 37,800 39,600 41,400 43200 45000 48,100 51,500
Lenoir City 8,800 9,300 9,800 10,200 10,700 11,100 11,900 12,700
Roane County 49,100 52,200 54,700 57,300 59,700 62,200 66,600 71,200
Harriman 7,300 7,700 8,100 8,500 8,900 9,200 9,900 10,600
Kingston 5,200 5,500 5,800 6,000 6,300 6,600 7,000 7,500
ROI Total 518,600 551,700 578,100 604,900 630,600 657,100 702,900 751,800

Note: City values are included within county totals.
Source: Census 1993b; Census 1995a; DOC 1994j; DOC 1996a; DOC 1996b.

Table L.1-48. Oak Ridge Reservation Region of Influence Total Number of Owner and Renter
Housing Units, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Anderson County 30,000 31,900 33,500 35,000 36,500 38,000 40,700 43,500
Clinton 4,500 4,800 5,000 5,300 5,500 5,700 6,100 6,600
Oak Ridge 12,000 12,700 13,300 13,900 14,500 15,200 16,200 17,300
Knox County 150,600 160,200 167,900 175,700 183,100 190,800 204,100 218,300
Knoxville 76,900 81,800 85,700 89,700 93,500 97,500 104,200 111,500
Loudon County 14,200 15,100 15,900 16,600 17,300 18,000 19,300 20,600
Lenoir City 3,800 4,000 4,200 4,400 4,600 4,800 5,100 5,500
Roane County 19900 21,200 22,200 23,200 24,200 25200 27,000 28,800
Harriman 3,100 3,300 3,500 3,700 3,800 4,000 4,300 4,500
Kingston 2,300 2,500 2,600 2,700 2,800 2,900 3,100 3,400
ROI Total 214,700 228,400 239,500 250,500 261,100 272,000 291,100 311,200

Note: City values are included within county totals.
Source: Census 1991c; Table L.1-47.
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Table L.1-49. Oak Ridge Reservation Region of Influence Total Student Enrollment, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Anderson County 12,900 13,720 14,380 15,050 15,690 16,340 17,480 18,710
Anderson County 6,890 7,320 7,670 8,030 8,370 8,720 9,330 9,980
Clinton City 1,180 1,260 1,320 1,380 1,440 1,500 1,600 1,720
Oak Ridge 4,830 5,140 5,390 5,640 5,880 6,120 6,550 7,010
Knox County 56,260 59,850 62,700 65,620 68,390 71,280 76,240 81,550
Knox County 56,260 59,850 62,700 65,620 68,390 71,280 76,240 81,550
Loudon County 6.510 6,920 7,260 7,580 7,910 8,250 8,820 9,430
Loudon County 4,590 4,880 5,120 5,350 5,580 5,820 6,220 6,650
Lenoir City 1,920 2,040 2,140 2,230 2,330 2,430 2,600 2,780
Roane County 7,670 8,160 8,550 8,950 9,320 9,710 10,390 11,120
Roane County 5,950 6,330 6,630 6,940 7,230 7,530 8,060 8,620
Harriman 1,720 1,830 1,920 2,010 2,090 2,180 2,330 2,500
ROI Total 83,340 88,650 91,890 97,200 101,310 105,580 112,930 120,810

Note: Bolded areas are county totals and unbolded areas are school districts.
Source: Socio 1996a; Table L.1-47.

Table L.1-50. Oak Ridge Reservation Region of Influence Total Number of Teachers, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Anderson County 912 971 1,017 1,064 1,109 1,156 1,237 1,322
Anderson County 486 517 542 567 591 616 659 704
Clinton City 78 83 87 91 95 99 106 113
Oak Ridge 348 371 388 406 423 441 472 505
Knox County 3,347 3,561 3,731 3,904 4,069 4,241 4,536 4,852
Knox County 3,347 3,561 3,731 3,904 4,069 4,241 4,536 4,852
Loudon County 389 - 414 434 455 473 494 528 565
Loudon County 278 296 310 325 338 353 377 404
Lenoir City 111 118 124 130 135 141 151 161
Roane County 484 516 540 566 590 615 658 703
Roane County 363 387 405 424 442 461 493 527
Harriman 121 129 135 142 148 154 165 176
ROI Total 5,132 5,462 5,722 5,989 6,241 6,506 6,959 7,442

Note: Bolded areas are county totals and unbolded areas are school districts.
Source: Socio 1996a; Table L.1-47.
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Table L.1-51. Oak Ridge Reservation Region of Influence Total Number of Sworn
Police Officers, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Anderson County 124 131 138 144 150 157 167 179
Clinton 16 17 18 19 20 21 22 23
Oak Ridge 50 53 55 58 60 63 67 72
Knox County 240 255 267 280 292 304 325 348
Knoxville 341 363 380 398 415 432 462 495
Loudon County 42 44 46 48 50 53 56 60
Lenoir City 14 15 16 17 17 18 19 21
Roane County 49 52 54 57 59 62 66 70
Harriman 13 14 15 15 16 17 18 19
Kingston 8 9 9 9 10 10 11 12
ROI Total 897 953 998 1,045 1,089 1,137 1,213 1,299

Source: DOJ 1995a; Socio 1996a; Table L.1-47.

Table L.1-52. Oak Ridge Reservation Region of Influence Total Number of Firefighters, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Anderson County 183 195 204 213 222 232 248 265
Clinton 16 17 18 19 19 20 22 23
Oak Ridge 46 49 51 54 56 58 62 67
Knox County 200 213 223 233 243 253 271 290
Knoxville 357 380 398 416 434 452 484 518
Loudon County 138 147 154 161 168 175 187 200
Lenoir City 15 16 17 17 18 19 20 22
Roane County 110 117 123 128 134 139 149 159
Harriman 18 19 20 21 22 23 24 26
Kingston 37 39 41 43 45 47 50 54
ROI Total 1,120 1,192 1,249 1,305 1,361 1,418 1,517 1,624

Source: Socio 1996a; Table L.1—47.
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Table L.1-53. Oak Ridge Reservation Region of Influence Hospital Occupancy Rates, 1995-2040

1995 2000 2005 2010 2015 2020 2030 2040
County/City (percent) (percent) (percent) (percent) (percent) (percent) (percent) (percent)
Anderson County 66 70 74 77 80 84 90 96
Knox County 66 70 73 77 80 83 89 95
Loudon County 32 34 36 38 39 41 44 47
Roane County 52 55 58 61 63 66 71 76
ROI Average 65 69 72 75 78 82 87 93

Source: AHA 1995a; Table L.1-47.

Table L.1-54. Oak Ridge Reservation Region of Influence Total Number of Doctors, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Anderson County 147 156 164 171 178 186 199 213
Knox County 1,123 1,194 1,251 1,310 1,365 1,423 1,522 1,628
Loudon County 24 26 27 28 30 31 33 35
Roane County 28 30 32 33 34 36 38 41
ROI Total 1,322 1,406 1,474 1,542 1,607 1,676 1,792 1,917

Source: AMA 1995a; Table L.1-47.
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Table L.1-59. Savannah River Site Region of Influence Total Number of Teachers, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Aiken County 1,345 1,424 1,491 1,563 1,632 1,704 1,829 1,963
Aiken County 1,345 1,424 1,491 1,563 1,632 1,704 1,829 1,963
Allendale County 159 158 160 168 176 184 198 213
Allendale County 159 158 160 168 176 184 198 213
Bamberg County 224 221 226 237 248 259 279 300
District #1 124 122 125 131 137 143 154 166
District #2 100 99 101 106 111 116 125 134
Barnwell County 299 316 331 347 362 378 405 436
District #19 76 80 84 88 92 96 103 111
District #29 68 72 75 79 82 86 92 99
District #45 155 164 172 180 188 196 210 226
Columbia County 905 958 1,003 1,052 1,098 1,146 1,231 1,321
Columbia County 905 958 1,003 1,052 1,098 1,146 1,231 1,321
Richmond County 2,034 1,950 2,043 2,143 2,242 2,345 2,523 2,715
Richmond County 2,034 1,950 2,043 2,143 2,242 2,345 2,523 2,715
ROI Total 4,966 5,027 5,254 5,510 5,758 6,016 6,465 6,948

Note: Bolded areas are county totals and unbolded areas are school districts.

Source: Socio 1996a; Table L.1-56.

Table L.1-60. Savannah River Site Region of Influence Total Number of Sworn Police Officers, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Aiken County 100 106 111 116 121 127 136 146
Aiken 83 88 92 96 101 105 113 121
North Augusta 49 51 54 56 59 61 66 71
Allendale County 19 19 19 20 21 22 23 25
Bamberg County 24 23 24 25 26 28 30 32
Barnwell County 36 39 40 42 44 46 50 53
Columbia County 154 163 170 179 186 195 209 224
Richmond County 320 307 321 337 353 369 397 427
Augusta 167 161 168 176 184 193 207 223
ROI Total 952 957 999 1,047 1,095 1,146 1,231 1,322

Source: DOJ 1995a; Table L.1-56.
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Table L.1-61. Savannah River Site Region of Influence Total Number of Firefighters, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Aiken County 375 397 416 436 455 475 510 547
Atken 100 106 111 116 121 127 136 146
North Augusta 45 48 50 52 55 57 61 66
Allendale County 82 81 82 86 90 94 102 109
Bamberg County 155 152 156 164 171 179 193 207
Barnwell County 90 95 100 105 109 114 122 131
Columbia County 196 207 217 228 238 248 266 286
Richmond County 182 174 183 192 201 210 226 243
Augusta 138 133 139 146 152 159 171 184
ROI Total 1,363 1,393 1,454 1,525 1,592 1,663 1,787 1,919

Source: Socio 1996a; Table L.1-56.

Table L.1-62. Savannah River Site Region of Influence Hospital Occupancy Rates, 1995-2040

1995 2000 2005 2010 2015 2020 2030 2040
County/City (percent) (percent) (percent) (percent) (percent) (percent) (percent) (percent)
Aiken County NA NA NA NA NA NA NA NA
Allendale County 67 66 67 71 74 77 83 90
Bamberg County 72 71 73 76 80 84 90 97
Barnwell County 47 50 52 55 57 60 64 69
Columbia County NH NH NH NH NH NH NH NH
Richmond County 61 58 61 64 67 70 75 81
ROI Average 65 65 68 72 75 78 84 90

Note: NA=not available. Some hospitals in Aiken County are unable to provide occupancy data. NH=No hospitals are located in

Columbia County.

Source: AHA 1995a; Table L.1-56.

Table L.1-63. Savannah River Site Region of Influence Total Number of Doctors, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Aiken County 145 153 160 168 175 183 197 211
Allendale County 6 6 6 6 7 7 7 8
Bamberg County 8 8 8 8 9 9 10 11
Barnwell County 8 9 9 9 10 10 11 12
Columbia County 212 225 235 247 258 269 289 310
Richmond County 971 931 975 1,023 1,070 1,119 1,204 1,296
ROI Total 1,350 1,332 1,393 1,461 1,529 1,597 1,458 1,848

Source: AMA 1995a; Table L.1-56.
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Table L.1-66. Rocky Flats Environmental Technology Site Region of Influence Total Number
of Owner and Renter Housing Units, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Adams County 118,100 131,300 143,100 154,400 164,500 155,900 192,600 211,500
Westminster 35,100 39,000 42,500 45,800 48,900 44,800 57,200 62,800
Thornton 23,800 26,400 28,800 31,100 33,100 30,600 38,700 42,600
Arapahoe County 192,400 213,900 233,100 251,500 268,000 251,700 313,600 344,400
Boulder County 103,300 114,800 125200 135,000 143,900 135,800 168,400 184,900
Broomfield 10,300 11,400 12,500 13,500 14,300 9,000 16,800 18,400
Longmont 22,600 25,100 27,400 29,500 31,500 30,200 36,800 40,500
Denver County 247,600 253,000 256,300 260,100 264,000 339,000 275,800 283,900
Jefferson County 193,800 215,400 234,800 253,300 269,900 255,000 315,900 346,900
Arvada 36,300 40,300 43,900 47,400 50,500 47,600 59,100 64,900
ROI Total 855,200 928,400 992,500 1,054,300 1,110,300 1,137,400 1,266,300 1,371,600

Note: City values are included within county totals.
Source: Census 1991k; Table L.1-65.

Table L.1-67. Rocky Flats Environmental Technology Site Region of Influence Total Student Enrollment,

1995-2040
County/City 1995 2000 2005 2010 2015 2020 2030 2040
Adams County 58990 65,590 71,460 77,100 82,170 87,540 96,160 105,610
Adams County 6,540 7,270 7,920 8,550 9,110 9,710 10,660 11,710
Bennet 1,050 1,170 1,270 1,370 1,460 1,560 1,710 1,880
Brighton 4,410 4,900 5,340 5,760 6,140 6,540 7,190 7,890
Mappleton 4,990 5,550 6,040 6,520 6,950 7,400 8,130 8,930
Northglenn-Thornton 27,020 30,040 32,740 35,320 37,640 40,100 44,050 48,380
Strasburg 220 250 270 290 310 330 360 400
Westminster City 14,760 16,410 17,880 19,290 20,560 21,900 24,060 26,420
Arapahoe County 87,180 96,920 105,640 113,950 121,430 129,370 142,100 156,070
Adams-Arapahoe/Aurora 27,990 31,110 33,910 36,580 38980 41,530 45,620 50,100
Byers 380 420 460 490 530 560 610 670
Cherry Creek 36,210 40,250 43,870 47,330 50,430 53,730 59,010 64,820
Englewood 4,370 4,860 5,290 5,710 6,080 6,480 7.120 7,820
Littleton 16,020 17,810 19,420 20,940 22,320 23,780 26,120 28,690
Sheridan 2,020 2,250 2,450 2,650 2,820 3,000 3,300 3,620
Deer Trail 190 220 240 250 270 290 320 350
Boulder County 41,570 46,210 50360 54,330 57,890 61,680 67,750 74,410
Boulder Valley 25,170 27,980 30,490 32,900 35,050 37,350 41,020 45,050
St. Vrain 16,400 18,230 19,870 21,430 22,840 24,330 26,730 29,360
Denver County 63,220 64,590 65440 66,410 67400 68,400 70,420 72,490
Denver County 63,220 64,590 65,440 66,410 67,400 68,400 70,420 72,490
Jefferson County 85,880 95470 104,050 112,250 119,610 127,440 139,980 153,740
Jefferson County 85,880 95470 104,050 112,250 119,610 127,440 139,980 153,740
ROI Total 336,840 368,780 396,950 424,040 448,500 474,430 516,410 562,320

Note: Bolded areas are county totals and unbolded areas are school districts.
Source: Socio 1996a; Table L.1-65.
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Table L.1-68. Rocky Flats Environmental Technology Site Region of Influence
Total Number of Teachers, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Adams County 3,034 3,374 3,678 3,967 4,226 4,504 4,946 5,433
Adams County 318 354 386 416 443 473 519 570
Bennet 68 76 83 89 95 101 111 122
Brighton 248 276 300 324 345 368 404 444
Mapleton 334 371 404 436 465 495 544 597
Northglenn-Thornton 1,404 1,561 1,702 1,836 1,956 2,084 2,289 2,514
Strasburg 17 19 21 23 24 26 28 31
Westminster City 645 717 782 843 898 957 1,051 1,155
Arapahoe County 5,202 5,783 6,303 6,800 7,246 7,721 8,478 9,313
Adams-Arapahoe/Aurora 1,523 1,693 1,845 1,990 2,121 2,260 2,482 2,726
Byers 30 33 36 39 41 44 48 53
Cherry Creek 2,245 2,496 2,721 2,935 3,127 3,332 3,660 4,020
Englewood 278 309 336 363 387 412 452 497
Littleton 995 1,106 1,206 1,301 1,386 1,477 1,622 1,781
Sheridan 108 120 131 141 151 161 176 194
Deer Trail 23 26 28 31 33 35 38 42
Boulder County 2,220 2,468 2,689 2,901 3,091 3,295 3,618 3,974
Boulder Valley 1,403 1,560 1,700 1,834 1,954 2,083 2,287 2,512
St Vrain 817 908 989 1,067 1,137 1,212 1,331 1,462
Denver County 3,671 3,751 3,800 3,856 3914 3,972 4,089 4,209
Denver County 3,671 3,751 3,800 3,856 3,914 3,972 4,089 4,209
Jefferson County 3,624 4,029 4,391 4,737 5,048 5,378 5,907 6,488
Jefferson County 3,624 4,029 4,391 4,737 5,048 5,378 5.907 6,488
ROI Total 17,751 19,405 20,861 22,261 23,525 24,870 27,038 29,417

Note: Bolded areas are county totals and unbolded areas are school districts.
Source: Socio 1996a; Table L.1-65.
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Table L.1-69. Rocky Flats Environmental Technology Site Region of Influence
Total Number of Sworn Police Officers, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Adams County 142 158 172 185 198 211 231 254
Westminster 122 136 148 160 171 182 200 219
Thorton 90 100 109 117 125 133 146 161
Arapahoe County 1,001 1,113 1,213 1,309 1,394 1,486 1,632 1,792
Boulder County 181 201 219 236 252 268 294 323
Broomfield 46 51 56 60 64 68 75 82
Longmont 84 93 101 109 117 124 136 150
Denver County 1,388 1,418 1,437 1,458 1,480 1,502 1,546 1,591
Jefferson County 698 776 846 912 972 1,036 1,138 1,250
Arvada 119 133 145 156 166 177 195 214
ROI Total 3,871 4,179 4,446 4,702 4,939 5,187 5,593 6,036

Source: DOJ 1995a; Socio 1996a; Table L.1-65.

Table L.1-70. Rocky Flats Environmental Technology Site Region of Influence
Total Number of Firefighters, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Adams County 1,396 1,552 1,691 1,825 1,944 2,072 2,275 2,499
Westminster 123 137 149 161 171 183 200 220
Thornton 89 99 108 116 124 132 145 159
Arapahoe County 953 1,059 1,155 1,246 1,327 1,414 1,553 1,706
Boulder County 787 875 954 1,029 1,096 1,168 1,283 1,409
Broomfield 39 43 47 51 54 58 64 70
Longmont 68 76 82 89 95 101 111 122
Denver County 875 894 906 919 933 947 975 1,003
Jefferson County 878 976 1,064 1,148 1,223 1,303 1,431 1,572
Arvada 200 222 242 261 279 297 326 358
ROI Total 5,408 5,933 6,398 6,845 7,246 7,675 8,363 9,118

Source: Socio 1996a; Table L.1-65.

Table L.1-71. Rocky Flats Environmental Technology Site Region of Influence
Hospital Occupancy Rates, 1995-2040

1995 2000 2005 2010 2015 2020 2030 2040

County/City (percent) (percent) (percent) (percent) (percent) (percent) (percent) (percent)
Adams County 23 25 28 30 32 34 37 4]
Arapahoe County 50 55 60 65 69 74 81 89
Boulder County 51 57 62 67 71 76 83 92
Denver County 49 60 61 62 63 64 66 68
Jefferson County 45 50 54 59 63 67 73 80
ROI Average 56 61 65 70 73 78 84 91

Source: AHA 1995a; Tabie L.1-65.
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Table L.1-72. Rocky Flats Environmental Technology Site Region of Influence
Total Number of Doctors, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Adams County 474 526 574 619 660 703 772 848
Arapahoe County 787 875 953 1,029 1,096 1,168 1,283 1,409
Boulder County 557 619 675 728 716 827 908 998
Denver County 2,668 2,726 2,762 2,803 2,844 2,886 2,972 3,059
Jefferson County 599 666 726 783 834 889 976 1,073
ROI Total 5,085 5,412 5,690 5,962 6,210 6,473 6,911 7,387

Source: AMA 1995a; L.1-65.
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Table L.1-75. Los Alamos National Laboratory Region of Influence Total Number of Owner and Renter
Housing Units, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Los Alamos County 7,900 8,600 9,100 9,700 10,200 10,800 11,600 12,600
Rio Arriba County 15,400 16,800 17,900 19,000 20,000 21,100 22,800 24,700

Espanola 4,000 4,400 4,700 5,000 5,200 5,500 6,000 6,400
Santa Fe County 47,800 52,100 55,600 59,000 62,200 65,600 70,900 76,600
Santa Fe 28,100 30,600 32,700 34,600 36,500 38,500 41,600 45,000
ROI Total 71,100 77,500 82,600 87,700 92,400 97,500 105,300 113,900

Note: City values are included within county totals.
Source: Census 1991h; Table L.1-74.

Table L.1-76. Los Alamos National Laboratory Region of Influence
Total Student Enrollment, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Los Alamos County 3,750 4,090 4,360 4,630 4,880 5,140 5,560 6,010
Los Alamos Public Schools 3,750 4,090 4,360 4,630 4,880 5,140 5,560 6,010
Rio Arriba County 7,280 7,920 8,470 8,980 9,460 9,970 10,790 11,660
Chama Valley Ind. School 600 650 700 740 780 820 890 960
District #1
Dulce Ind. School District #21 730 790 850 900 950 1,000 1,080 1,170
Espanola Public School District 5,470 5,950 6,360 6,740 7,100 7,490 8,100 8,750
Jemez Mt. School District #53 480 530 560 600 630 660 720 780
Santa Fe County 15,280 16,640 17,770 18,830 19,860 20,940 22,630 24,460
Pojoaque Valley School 1,890 2,060 2,200 2,330 2,460 2,590 2,800 3,030
District #1
Santa Fe Public School District 13,390 14,580 15,570 16,500 17,400 18,350 19,830 21,430
ROI Total 26,310 28,650 30,600 32,440 34200 36,050 38,980 42,130

Note: Bolded areas are county totals and unbolded areas are school districts.
Source: Socio 1996a; Table L.1-74.

Table L.1-77. Los Alamos National Laboratory Region of Influence
Total Number of Teachers, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040

Los Alamos County 255 278 297 315 332 350 378 409
Los Alamos Public Schools 255 278 297 315 332 350 378 409
Rio Arriba County 402 436 466 494 521 550 596 643
Chama Valley Ind. School 42 45 48 51 54 57 62 67

District #1

Dulce Ind. School District #21 42 45 48 51 54 57 62 67
Espanola Public School District 289 314 336 356 375 396 428 462
Jemez Mt. School District #53 29 32 34 36 38 40 44 47
Santa Fe County 861 937 1,002 1,061 1,119 1,180 1,275 1,379
Pojoaque Valley School District #1 109 118 127 134 141 149 161 174
Santa Fe Public School District 753 819 875 927 978 1,031 1,114 1,205
ROI Total 1,518 1,651 1,765 1,870 1,972 2,080 2,249 2,431

Note: Bolded areas are county totals and unbolded areas are school districts.
Source: Socio 1996a; Table L.1-74.
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Table L.1-78. Los Alamos National Laboratory Region of Influence Total Number of

Sworn Police Officers, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040

Los Alamos County 42 45 48 51 54 57 62 67
Rio Arriba County 27 30 32 34 36 38 41 44
Espanola 24 27 28 30 32 33 36 39
Santa Fe County 68 74 79 84 89 93 101 109
Santa Fe 106 115 123 130 137 145 157 169
ROI Total 267 291 310 329 348 366 397 428

Source: Socio 1996a; Table L.1-74.

Table L.1-79. Los Alamos National Laboratory Region of Influence Total Number of

Firefighters, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040

Los Alamos County 136 148 158 168 177 186 201 218
Rio Arriba County 276 300 321 340 359 378 409 442
Espanola 24 26 28 30 31 33 36 38
Santa Fe County 257 280 299 317 334 352 381 411
Santa Fe 107 116 124 132 139 147 158 171
ROI Total 800 870 930 987 1,040 1,096 1,185 1,280

Source: Socio 1996a; Table L.1-74.

Table L.1-80. Los Alamos National Laboratory Region of Influence Hospital

Occupancy Rates, 1995-2040

1995 2000 2005 2010 2015 2020 2030 2040
County/City (percent) (percent) (percent) (percent) (percent) (percent) (percent) (percent)
Los Alamos County 29 32 34 36 38 40 44 47
Rio Arriba County 33 36 38 41 43 45 49 53
Santa Fe County NA NA NA NA NA NA NA NA
ROI Total 32 35 37 40 42 44 47 51

Note: NA=not available. Some hospitals in Santa Fe County are unable to provide occupancy data.

Source: AHA 1995a; Table L.1-74.

Table L.1-81. Los Alamos National Laboratory Region of Influence Total Number

of Doctors, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
Los Alamos County 46 50 53 56 59 63 68 73
Rio Arriba County 22 24 26 28 29 31 33 36
Santa Fe County 248 270 289 306 322 340 367 397
ROI Total 316 344 368 390 410 434 468 506

Source: AMA 1995a; Table L.1-74.
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Table L.1-84. Representative Site for the Partially Completed Reactor Region of Influence Total Number
of Owner and Renter Housing Units, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
County A 23,000 23,900 24,700 25,600 26,700 27,700 29,600 31,600
County B 19,400 20,300 21,000 21,700 22,600 23,500 25,100 26,800
County C 104,400 108,700 112,500 116,600 121,200 125,900 134,600 143,900

City #1 66,500 65200 66,500 69,000 71,800 74,700 80,000 85,700
City #2 8,800 9,200 9,500 9900 10,300 10,700 11,400 12,200
ROI Total 146,800 152,900 158,200 163,900 170,500 177,100 189,300 202,300

Note: Bolded areas are county totals and unbolded areas are school districts.
Source: Census 1991p; Table L.1-83.

Table L.1-85. Representative Site for the Partially Completed Reactor Region of Influence
Total Student Enroliment, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040

County A 9,890 10,300 10,660 11,050 11,480 11,930 12,760 13,630
School district #1 7250 7,550 7,810 8,100 8,410 8740 9350 9,990
School district #2 2,640 2,750 2,850 2,950 3,070 3,190 3410 3,640
County B 9,280 9,660 10,000 10,370 10,770 11,190 11,960 12,790
School district #1 6,430 6,690 6930 7,180 7460 7,750 8280 8,860
School district #2 2850 2970 3,070 3,190 3310 3,440 3,680 3,930
County C 41,920 43,660 45,170 46,830 48,650 50,550 54,040 57,760
School district #1 17,330 18,050 18,670 19,360 20,110 20,900 22,340 23,880
School district #2 24,590 25,610 26,500 27,470 28,540 29,650 31,700 33,880
ROI Total 61,090 63,620 65,830 68,250 70,900 73,670 78,760 84,180

Note: Bolded areas are county totals and unbolded areas are school districts.
Source: Socio 1996a; Table L.1-83.

Table L.1-86. Representative Site for the Partially Completed Reactor Region of Influence
Total Number of Teachers, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040

County A 640 667 690 715 743 772 825 882
School district #1 479 499 516 535 556 5717 617 660
School district #2 161 168 174 180 187 195 208 222
County B 609 634 656 680 706 734 785 839
School district #1 399 416 430 446 463 481 515 550
School district #2 210 218 226 234 243 253 270 289
County C 2,693 2,805 2902 3,008 3,125 3,247 3471 3,710
School district #1 1,063 1,107 1,145 1,187 1,233 1,281 1,370 1,464
School district #2 1,630 1,698 1,757 1,821 1,892 1,966 2,101 2,246
ROI Total 3942 4,106 4248 4,403 4,574 4,753 5,081 5,431

Note: Bolded areas are county totals and unbolded areas are school districts.
Source: Socio 1996a; Table L.1-83.
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Table L.1-87. Representative Site for the Partially Completed Reactor Region of Influence Total Number of
Sworn Police Officers, 1995-2040 '

County/City 1995 2000 2005 2010 2015 2020 2030 2040
County A 51 54 55 57 60 62 66 71
County B 33 35 36 37 39 40 43 46
County C 102 119 126 130 135 140 149 159

City #1 328 321 327 340 353 368 394 422
City #2 34 36 37 38 40 41 44 47
ROI Total 548 565 581 602 627 651 696 745

Source: DOJ 1995a; Table L.1-83.

Table L.1-88. Representative Site for the Partially Completed Reactor Region of Influence Total Number of
Firefighters, 1995-2040

County/City 1995 2000 2005 2010 2015 2020 2030 2040
County A 395 411 426 441 458 476 509 544
County B 465 484 501 519 540 561 599 641
County C 425 494 524 542 562 583 621 661

City #1 175 171 175 181 189 196 210 225
City #2 30 31 32 34 35 36 39 41
ROI Total 1,490 1,591 1,658 1,717 1,784 1,852 1,978 2,112

Source: Socio 1996a; Table L.1-83.

Table L.1-89. Representative Site for the Partially Completed Reactor Region of Influence Hospital
Occupancy Rates, 1995-2040

1995 2000 2005 2010 2015 2020 2030 2040

County/City {percent) (percent) (percent) (percent) (percent) (percent) (percent) (percent)
County A 47 49 51 52 55 57 61 65
County B 71 73 76 79 82 85 91 97
County C 59 61 64 66 68 71 76 81
ROI Average 59 62 64 66 69 72 77 82

Source: AHA 1995a; Table L.1-83.

Table L.1-90. Representative Site for the Partially Completed Reactor Region of Influence Total Number

of Doctors, 1995-2040
County/City 1995 2000 2005 2010 2015 2020 2030 2040
County A 30 31 33 34 35 36 39 42
County B 33 35 36 37 39 40 43 46
County C 466 485 502 520 541 562 600 642
ROI Total 529 551 571 591 615 638 682 730

Source: AMA 1995a; Table L.1-83.
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Appendix M
Health and Safety

M.1 INTRODUCTION

This appendix presents detailed information on the potential impacts and risks to humans associated with
releases of radioactivity and hazardous chemicals from the proposed storage and disposition technologies
during normal operations and from postulated accidents. This information is intended to support the public and
occupational health and safety assessments described in Sections 4.2 and 4.3 of this programmatic
environmental impact statement (PEIS). Section M.2 provides information on normal radiological impacts,
Section M.3 provides information on normal hazardous chemical impacts, Section M.4 provides information on
human health and epidemiologic studies, and Section M.5 provides information on postulated facility accidents.

M.2 RADIOLOGICAL IMPACTS TO HUMAN HEALTH DURING NORMAL
OPERATIONS

This section presents supporting information on the potential radiological impacts of normal operation to
humans. This section provides the reader with background information on the nature of radiation (Section
M.2.1), the methodology used to calculate radiological impacts (Section M.2.2), radiological releases from
fissile material storage and disposition facilities (Section M.2.3), and radiological impacts from various fissile
material storage and disposition facilities at each site (Sections M.2.4 through M.2.15).

A further description of the methodology used to assess the normal radiological impacts presented in this
appendix and a detailed listing of the data used in the assessments are given in Health Risk Data for Storage
and Disposition of Weapons-Usable Fissile Materials (Health Risk Data, October 1996).

M.2.1 BACKGROUND
M.2.1.1 Nature of Radiation and Its Effects on Humans

What is Radiation? Humans are constantly exposed to radiation from the solar system and from the earth’s
rocks and soil. This radiation contributes to the natural background radiation x ray that has always been around
us. But there are also manmade sources of radiation, such as medical and dental x rays, household smoke
detectors, and materials released from nuclear and coal-fired powerplants.

All matter in the universe is composed of atoms, and radiation comes from the activity of these tiny particles.
Atoms are made up of even smaller particles (protons, neutrons, electrons). The number and arrangement of these
particles distinguishes one atom from another.

Atoms of different types are known as elements. There are over 100 natural and manmade elements. Some of
these elements, such as uranium (U), radium, plutonium (Pu), and thorium, share a very important quality: they
are unstable. As they change into more stable forms, invisible waves of energy or particles, known as ionizing
radiation, are released. Radioactivity is the emitting of this radiation.

Ionizing radiation refers to the fact that this energy force can ionize, or electrically charge atoms by stripping off
electrons. Ionizing radiation can cause a change in the chemical composition of many things, including living
tissue (organs), which can affect the way they function.

The effects on people of radiation that is emitted during disintegration (decay) of a radioactive substance
depends on the kind of radiation (alpha and beta particles, and gamma and x rays) and the total amount of
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radiation energy absorbed by the body. The total energy absorbed per unit quantity of tissue is referred to as
absorbed dose. The absorbed dose, when multiplied by certain quality factors and factors that take into account
different sensitivities of various tissues, is referred to as effective dose equivalent, or where the context is clear,
simply dose. The common unit of effective dose equivalent is the roentgen equivalent man (rem) (1 rem equals
1,000 millirem [mrem)]).

Alpha particles are the heaviest of these direct types of ionizing radiation, and despite a speed of about
16,000 kilometers (km)/second (s) (9,940 miles [mi]/s), they can travel only several centimeters in air. Alpha
particles lose their energy almost as soon as they collide with anything. They can easily be stopped by a sheet
of paper or the skin’s surface.

Beta particles are much lighter than alpha particles. They can travel as much as 160,000 km/s (99,400 mi/s) and
can travel in the air for a distance of about 3 meters (m) (9.8 feet [ft]). Beta particles can pass through a sheet
of paper, but may be stopped by a thin sheet of aluminum foil or glass.

Gamma and x rays, unlike alpha or beta particles, are waves of pure energy. Gamma rays travel at the speed of
light (300,000 km/s [186,000 mi/s]). Gamma radiation is very penetrating and requires a thick wall of concrete,
lead, or steel to stop it.

The neutron is another particle which contributes to radiation exposure, both directly and indirectly. The latter
is associated with the gamma rays and alpha particles which are emitted following neutron capture in matter. A
neutron has about one quarter the weight of an alpha particle and can travel at speeds of up to 39,000 km/s
(24,200 mi/s). Neutrons are more penetrating than beta particles, but less than gamma rays.

The radioactivity of a material decreases with time. The time it takes a material to lose half of its original
radioactivity is its half-life. For example, a quantity of iodine-131, a material that has a half-life of 8 days, will
lose one-half of its radioactivity in that amount of time. In 8 more days, one-half of the remaining radioactivity
will be lost, and so on. Eventually, the radioactivity will essentially disappear. Each radioactive element has a
characteristic half-life. The half-lives of various radioactive elements may vary from millionths of a second to
millions of years.

As a radioactive element gives up its radioactivity, it often changes to an entirely different element, one that may
or may not be radioactive. Eventually, a stable element is formed. This transformation may take place in several
steps and is known as a decay chain. Radium, for example, is a naturally occurring radioactive element with a
half-life of 1,622 years. It emits an alpha particle and becomes radon, a radioactive gas with a half-life of only
3.8 days. Radon decays to polonium and through a series of steps to bismuth and ultimately to lead.

Units of Radiation Measure. Scientists and engineers use a variety of units to measure radiation. These
different units can be used to determine the amount, type and intensity of radiation. Just as heat can be measured
in terms of its intensity or its effects using units of calories or degrees, amount of radiation can be measured in
curies (Ci), radiation absorbed doses (rads), or rems.

The curie, named after the French scientists Marie and Pierre Curie, describes the “intensity” of a sample of
radioactive material. The rate of decay of 1 gram of radium is the basis of this unit of measure. It is equal to
3.7x10'° disintegrations (decays)/s.

The total energy absorbed per unit quantity of tissue is referred to as absorbed dose. The rad is the unit of
measurement for the physical absorption of radiation. Much like sunlight heats the pavement by giving up an
amount of energy to it, radiation gives up rads of energy to objects in its path. One rad is equal to the amount of
radiation that leads to the deposition of 0.01 joule of energy per kilogram of absorbing material.
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A rem is a measurement of the dose from radiation based on its biological effects. The rem is used to measure the effects
of radiation on the body, much like degrees Centigrade can be used to measure the effects of sunlight heating pavement.
Thus, 1 rem of one type of radiation is presumed to have the same biological effects as 1 rem of any other kind of
radiation. This standard allows comparison of the biological effects of radionuclides that emit different types of
radiation.

An individual may be exposed to ionizing radiation externally from a radioactive source outside the body, and/
or internally from ingesting radioactive material. The external dose is different from the internal dose. An external
dose is delivered only during the actual time of exposure to the external radiation source. An internal dose,
however, continues to be delivered as long as the radioactive source is in the body, although both radioactive
decay and elimination of the radionuclide by ordinary metabolic processes decrease the dose rate with the passage
of time. The dose from internal exposure is calculated over 50 years following the initial exposure.

The three types of doses calculated in this include an external dose, an internal dose, and a combined external
and internal dose. Each type of dose is discussed separately below.

External Dose. The external dose can arise from several different pathways. All these pathways have in common
the fact that the radiation causing the exposure is external to the body. In this PEIS, these pathways include
exposure to a cloud of radiation passing overhead of the receptor, standing on ground which is contaminated
with radioactivity, swimming in contaminated water, and boating in contaminated water. The appropriate
measure of dose is called the effective dose equivalent. It should be noted that if the receptor departs from the
source of radiation exposure, his dose rate will be reduced. It is assumed that external exposure occurs uniformly
during the year.

Internal Dose. The internal dose arises from a radiation source entering the human body through either ingestion
of contaminated food and water or inhalation of contaminated air. In this PEIS, pathways for internal exposure
include ingestion of crops contaminated either by airborne radiation depositing on the crops or by irrigation of
crops using contaminated water sources, ingestion of animal products from animals that ingested contaminated
food, ingestion of contaminated water, inhalation of contaminated air, and absorption of contaminated water
through the skin during swimming. Unlike external exposures, once the radiation enters the body, it remains
there for various periods of time that depend on decay and biological elimination rates. The unit of measure for
internal doses is the committed dose equivalent. It is the internal dose that each body organ receives from 1 “‘year
intake” (ingestion plus inhalation). Normally, a 50- or 70-year dose-commitment period is used (i.e., the 1 year
intake period plus 49 or 69 years). The dose rate increases during the 1 year of intake. The dose rate, after the 1
year of intake, slowly declines as the radioactivity in the body continues to produce a dose. The integral of the
dose rate over the 50 or 70 years gives the committed dose equivalent. In this PEIS, a 50-year, dose-commitment
period was used.

The various organs of the body have different susceptibilities to harm from radiation. The quantity that takes
these different susceptibilities into account to provide a broad indicator of the risk to the health of an individual
from radiation is called the committed effective dose equivalent. It is obtained by multiplying the committed
dose equivalent in each major organ or tissue by a weighting factor associated with the nisk susceptibility of the
tissue or organ, then summing the totals. It is possible that the committed dose equivalent to an organ is larger
than the committed effective dose equivalent if that organ has a small weighting factor. The concept of
committed effective dose equivalent applies only to internal pathways.

Combined External and Internal Dose. For convenience, the sum of the committed effective dose equivalent
from internal pathways and the effective dose equivalent from external pathways is also called the committed
effective dose equivalent in this PEIS (note that in Department of Energy [DOE] Order 5400.1, this quantity is
called the effective dose equivalent).
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The units used in this PEIS for committed dose equivalent, effective dose equivalent, and committed effective
dose equivalent to an individual are the rem and mrem (1/1000 of 1 rem). The corresponding unit for the
collective dose to a population (the sum of the doses to members of the population, or the product of the number
of exposed individuals and their average dose) is the person-rem.

Sources of Radiation. The average American receives a total of about 350 mrem/year (yr) from all sources of
radiation, both natural and manmade. The sources of radiation can be divided into six different categories: cosmic
radiation, terrestrial radiation, internal radiation, consumer products, medical diagnosis and therapy, and other
sources (NCRP 1987a:9-15). Each category is discussed below.

Cosmic radiation is ionizing radiation resulting from energetic charged particles from space continuously hitting
the earth’s atmosphere. These particles and the secondary particles and photons they create are cosmic radiation.
Because the atmosphere provides some shielding against cosmic radiation, the intensity of this radiation
increases with altitude above sea level. For the sites considered in this PEIS, the cosmic radiation ranged from
27 to SO mrem/yr. The average dose to the people in the United States is about 27 mrem/yr.

External terrestrial radiation is the radiation emitted from the radioactive materials in the earth’s rocks and soils.
The average dose from external terrestrial radiation is about 28 mrem/yr. The external terrestrial radiation for the
sites in this PEIS ranged from 15 to 63 mrem/yr.

Internal radiation arises from the human body metabolizing natural radioactive material which has entered the
body by inhalation or ingestion. Natural radionuclides in the body include isotopes of U, thorium, radium,
radon, polonium, bismuth, potassium, rubidium, and carbon. The major contributor to the annual dose
equivalent for internal radioactivity are the short-lived decay products of radon which contribute about
200 mrem/yr. The average dose from other internal radionuclides is about 39 mrem/yr.

Consumer products also contain sources of ionizing radiation. In some products, like smoke detectors and
airport x ray machines, the radiation source is essential to the products’ operation. In other products, such as
television and tobacco, the radiation occurs incidentally to the product function. The average dose is about
10 mrem/yr.

Radiation is an important diagnostic medical tool and cancer treatment. Diagnostic x rays result in an average
exposure of 39 mrem/yr. Nuclear medical procedures result in an average exposure of 14 mrem/yr.

There are a few additional sources of radiation that contribute minor doses to individuals in the United States.
The dose from nuclear fuel cycle facilities such as uranium mines, mills and fuel processing plants, nuclear
power plants and transportation routes has been estimated to be less than 1 mrem per year. Radioactive fallout
from atmospheric atomic bomb tests, emissions of radioactive material from DOE and Nuclear Regulatory
Commission (NRC) licensed facilities, emissions from certain mineral extraction facilities, and transportation
of radioactive materials contributes less than 1 mrem/yr to the average dose to an individual. Air travel
contributes approximately 1 mrem/yr to the average dose.

The collective (or population) dose to an exposed population is calculated by summing the estimated doses
received by each member of the exposed population. This total dose received by the exposed population is
measured in person-rem. For example, if 1,000 people each received a dose of 1| mrem (0.001 rem), the
collective dose is 1,000 persons x 0.001 rem = 1.0 person-rem. Alternatively, the same collective dose (1.0
person-rem) results from 500 people each of whom received a dose of 2 mrem (500 persons x 2 mrem =

| person-rem).

Limits of Radiation Exposure. The amount of manmade radiation that the public may be exposed to is limited
by Federal regulations. Although most scientists believe that radiation absorbed in small doses over several years
is not harmful, U.S. Government regulations assume that the effects of all radiation exposures are cumulative.

M4



Health and Safety

Under the Clean Air Act, the exposure to a member of the general public from DOE facility releases into the
atmosphere is limited by the Environmental Protection Agency (EPA) to a dose of 10 mrem/yr in addition to the
natural background and medical radiation normally received (40 Code of Federal Regulations [CFR] 61,
Subpart H). DOE also limits to 10 mrem the dose annually received from material released to the atmosphere
(DOE Order 5400.5). The EPA and DOE also limit the annual dose to a member of the general public from
radioactive releases to drinking water to 4 mrem, as required under the Safe Drinking Water Act (40 CFR 141;
DOE Order 5400.5). The annual dose from all radiation sources from a site is limited by the EPA to 25 mrem
(40 CFR 190). The DOE annual limit of radiation dose to a member of the general public from all DOE facilities
is 100 mrem total, from all pathways (DOE Order 5400.5).

All DOE facilities covered by this PEIS operate well below this limit. It is estimated that the average individual
in the United States receives a dose of about 0.3 rem (300 mrem) per year from natural sources of radiation. For
perspective, a modern chest x ray results in an approximate dose of 0.006 rem (6 mrem), while a diagnostic
pelvis and hip x ray results in an approximate dose of 0.065 rem (65 mrem) (NCRP 1987a:45). A person must
receive an acute (short-term) dose of approximately 600 rem (600,000 mrem) before there is a high probability
of near-term death (NAS 1990a:176).

For people working in an occupation that involves radiation, DOE and the NRC limit doses to 5 rem
(5,000 mrem) in any 1 year (10 CFR 20; 10 CFR 835). For NRC-licensed facilities, the applicable site dose
limits depend on the facility type. For other-than-power-reactors, the EPA limits discussed above apply. For
power reactors, the annual total dose limit from all releases combined is the same as the EPA limit of 25 mrem
(40 CFR 190). However, to demonstrate compliance with the as low as reasonably achievable philosophy, efforts
must be made to further reduce releases to the guideline values given in Appendix I to 10 CFR 50.

M.2.1.2 Health Effects

Radiation exposure and its consequences are topics of interest to the general public. For this reason, this PEIS
places much emphasis on the consequences of exposure to radiation, even though the effects of radiation
exposure under most circumstances evaluated in this PEIS are small. This section explains the basic concepts
used in the evaluation of radiation effects in order to provide the background for later discussion of impacts.

Radiation can cause a variety of ill-health effects in people. The most significant ill-health effect to depict the
consequences of environmental and occupational radiation exposure is induction of cancer fatalities. This effect
is referred to as “latent” cancer fatalities because the cancer may take many years to develop and for death to
occur and may not actually be the cause of death. In the discussions which follow, it should be noted that all
fatal cancers are latent and the term “latent” is not used.

Health impacts from radiation exposure, whether from sources external or internal to the body, generally are
identified as “somatic” (affecting the individual exposed) or “genetic” (affecting descendants of the exposed
individual). Radiation is more likely to produce somatic effects rather than genetic effects. Therefore, for this
PEIS, only the somatic risks are presented. The somatic risks of most importance are the induction of cancers.
Except for leukemia, which can have an induction period (time between exposure to carcinogen and cancer
diagnosis) of as little as 2 to 7 years, most cancers have an induction period of more than 20 years.

For a uniform irradiation of the body, the incidence of cancer varies among organs and tissues; the thyroid and
skin demonstrate a greater sensitivity than other organs. However, such cancers also produce relatively low
mortality rates because they are relatively amenable to medical treatment. Because of the readily available data
for cancer mortality rates and the relative scarcity of prospective epidemiologic studies, somatic effects leading
to cancer fatalities rather than cancer incidence are presented in this PEIS. The numbers of cancer fatalities can
be used to compare the risks among the various alternatives.
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The fatal cancer risk estimators presented in this appendix for radiation technically apply only to low-linear energy
transfer radiation (gamma rays and beta particles). However, on a per rem rather than a per rad basis, the fatal risk
estimators are higher for this type of radiation than for high-linear energy transfer radiation (alpha particles). In
this PEIS, the low-linear energy transfer risk estimators are conservatively assumed to apply to all radiation
exposures.

The National Research Council’s Committee on the Biological Effects of Ionizing Radiations (BEIR) has
prepared a series of reports to advise the U.S. Government on the health consequences of radiation exposures.
The latest of these reports, Health Effects of Exposure to Low Levels of lonizing Radiation BEIR V, published in
1990, provides the most current estimates for excess mortality from leukemia and cancers other than leukemia
expected to result from exposure to ionizing radiation. The BEIR V report updates the models and risk estimates
provided in the earlier report of the BEIR III Committee, The Effects of Populations of Exposure to Low-Levels
of lonizing Radiation, published in 1980. The BEIR V models were developed for application to the U.S.
population.

The BEIR V provides estimates that are consistently higher than those in BEIR III. This is attributed to several
factors including the use of a linear dose response model for cancers other than leukemia, revised dosimetry for
the Japanese atomic bomb survivors, and additional follow-up studies of the atomic bomb survivors and other
cohorts. The BEIR III employs constant relative and absolute risk models, with separate coefficients for each of
several sex and age-at-exposure groups, while BEIR V develops models in which the excess relative risk is
expressed as a function of age at exposure, time after exposure, and sex for each of several cancer categories.
The BEIR III models were based on the assumption that absolute risks are comparable between the atomic bomb
survivors and the U.S. population, while BEIR V models were based on the assumption that the relative risks
are comparable. For a disease such as lung cancer, where baseline risks in the United States are much larger than
those in Japan, the BEIR V approach leads to larger risk estimates than the BEIR III approach.

The models and risk coefficients in BEIR V were derived through analyses of relevant epidemiologic data
including the Japanese atomic bomb survivors, ankylosis spondylitis patients, Canadian and Massachusetts
fluoroscopy patients (breast cancer), New York postpartum mastitis patients (breast cancer), Israel Tinea Capitis
patients (thyroid cancer), and Rochester thymus patients (thyroid cancer). Models for leukemia, respiratory
cancer, digestive cancer, and other cancers used only the atomic bomb survivor data, although results of analyses
of the ankylosis spondylitis patients were considered. Atomic bomb survivor analyses were based on revised
dosimetry with an assumed Relative Biological Effectiveness of 20 for neutrons, and were restricted to doses
less than 400 rads. Estimates of risks of fatal cancers other than leukemia were obtained by totaling the estimates
for breast cancer, respiratory cancer, digestive cancer and other cancers.

Risk Estimates for Doses Received During an Accident. The BEIR V includes risk estimates for a single
exposure of 10 rem to a population of 100,000 people (1 .0x10° person-rem). In this case, fatality estimates for
leukemia, breast cancer, respiratory cancer, digestive cancer, and other cancers are given for both sexes and nine
age-at-exposure groups. These estimates, based on the linear model, are summarized in Table M.2.1.2-1. The
average risk estimate from all ages and both sexes is 885 excess cancer fatalities per million person-rem. This
value has been conservatively rounded up to 1,000 excess cancer fatalities per million person-rem. Section
M.5.1.3.2 contains additional discussions on accident risk estimators.

Although values for other health effects are not presented in this PEIS, the risk estimators for non-fatal cancers and
for genetic disorders to future generations are estimated to be approximately 200 and 260 per million person-rem,
respectively. These values are based on information presented in the /990 Recommendations of the International
Commission on Radiological Protection (ICRP Publication 60) and are seen to be 20 percent and 26 percent,
respectively, of the fatal cancer estimator. Thus, for example, if the number of excess fatal cancers is projected to
be “X,” the number of excess genetic disorders would be 0.26 times “X.”
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Risk Estimates for Doses Received During Normal Operation. For low doses and dose rates, a linear-
quadratic model was found to provide a significantly better fit to the data for leukemia than a linear one, and
leukemia risks were based on a linear-quadratic function. This reduces the effects by a factor of two over
estimates that are obtained from the linear model. For other cancers, linear models were found to provide an
adequate fit to the data, and were used for extrapolation to low doses. However, the BEIR V Committee
recommended reducing these linear estimates by a factor between 2 and 10 for doses received at low dose rates.
For this PEIS, a risk reduction factor of two was adopted for conservatism.

Table M.2.1.2-1. Lifetime Risks per 100,000 Persons Exposed to a Single Exposure of 10 rem

Type of Fatal Cancer

Cancers
Other Than Total
Gender Leukemia® Leukemia  Cancers

Male 220 660 880
Female 160 730 890
Average 190 695 88sP

2 These are the linear estimates, and are double the linear-
quadratic estimates provided in BEIR V for leukemia at low
doses and dose-rates.

b This value has been rounded up to 1,000 excess cancer
fatalities per million person-rem.

Source: NAS 1990a.

Based on the above discussion, the resulting risk estimator would be equal to half the value observed for
accident situations or approximately 500 excess fatal cancer per million person-rem (0.0005 excess fatal cancer
per person-rem). This is the risk value used in this PEIS to calculate fatal cancers to the general public during
normal operations. For workers, a value of 400 excess fatal cancers per million person-rem (0.0004 excess fatal
cancer per person-rem) is used in this PEIS. This lower value reflects the absence of children (who are more
radiosensitive than adults) in the workforce. Again, based on information provided in the /990
Recommendations of the International Commission of Radiological Protection (ICRP Publication 60), the
health risk estimators for nonfatal cancer and genetic disorders among the public are 20 percent and 26 percent,
respectively, of the fatal cancer risk estimator. For workers they are both 20 percent of the fatal cancer risk
estimator. For this PEIS, only fatal cancers are presented.

The risk estimates may be applied to calculate the effects of exposing a population to radiation. For example, in
a population of 100,000 people exposed only to natural background radiation (0.3 rem/yr), 15 latent cancer
fatalities per year would be inferred to be caused by the radiation (100,000 persons x 0.3 rem/yr x 0.0005 latent
cancer fatalities per person-rem = 15 latent cancer fatalities/yr).

Sometimes, calculations of the number of excess cancer fatalities associated with radiation exposure do not
yield whole numbers and, especially in environmental applications, may yield numbers less than 1.0. For
example, if a population of 100,000 were exposed as above, but to a total dose of only 0.001 rem, the collective
dose would be 100 person-rem, and the corresponding estimated number of latent cancer fatalities would be
0.05 (100,000 persons x 0.001 rem x 0.0005 latent cancer fatalities/person-rem = 0.05 latent fatal cancers).

For latent cancer fatalities less than 1.0, the estimated 0.05 latent cancer fatalities is interpreted as a statistical
estimate. That is, 0.05 is the average number of deaths that would result if the same exposure situation were
applied to many different groups of 100,000 people. In most groups, no person (0 people) would incur a latent
cancer fatality from the 0.001 rem dose each member would have received. In a small fraction of the groups, 1
latent fatal cancer would result; in exceptionally few groups, 2 or more latent fatal cancers would occur. The
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average number of deaths over all the groups would be 0.05 latent fatal cancers (just as the average of 0, 0, 0,
and 1 is 1/4, or 0.25). The most likely outcome is O latent cancer fatalities.

These same concepts apply to estimating the effects of radiation exposure on a single individual. Consider the
effects, for example, of exposure to background radiation over a lifetime. The “number of latent cancer
fatalities” corresponding to a single individual’s exposure over a (presumed) 72-year lifetime to 0.3 rem/yr is
the following:

1 person x 0.3 rem/year x 72 years x 0.0005 latent cancer fatalities/person-rem = 0.011 latent cancer fatalities.

Again, this should be interpreted in a statistical sense; that is, the estimated effect of background radiation
exposure on the exposed individual would produce a 1.1-percent chance that the individual might incur a latent
fatal cancer caused by the exposure over his full lifetime. Presented another way, this method estimates that
approximately 1.1 percent of the population might die of cancers induced by the radiation background.

M.2.2 METHODOLOGY FOR ESTIMATING RADIOLOGICAL IMPACTS OF
NORMAL OPERATION

The radiological impacts of normal operation of reactors and support facilities were calculated using Version
1.485 of the GENII computer code. Site-specific and technology-specific input data were used, including
location, meteorology, population, food production and consumption, and source terms. [Text deleted.] Section
M.2.2.1 briefly describes GENII and outlines the approach used for normal operations. The approach used for
design basis accidents is discussed in Section M.5 of this appendix.

M.2.2.1 GENII Computer Code

The GENII computer model, developed by Pacific Northwest Laboratory for DOE, is an integrated system of
various computer modules which analyze environmental contamination resulting from acute or chronic releases
to, or initial contamination in, air, water, or soil. The model calculates radiation doses to individuals and
populations. The GENII computer model is well documented for assumptions, technical approach,
methodology, and quality assurance issues (GENII—The Hanford Environmental Radiation Dosimetry
Software System, December 1988). The GENII computer model has gone through extensive quality assurance
and quality control steps. These include the comparison of results from model computations against those from
hand calculations, and the performance of internal and external peer reviews. Recommendations given in these
reports were incorporated into the final GENII computer model, as deemed appropriate.

For this PEIS only the ENVIN, ENYV, and DOSE computer modules were used. The codes are connected through
data transfer files. The output of one code is stored in a file that can be used by the next code in the system. In

addition, a computer code called CREGENII was prepared to aid and assist the user with the preparation of input
files into GENII.

CREGENII. The CREGENII code helps the user, through a series of interactive menus and questions, to
prepare a text input file for the environmental dosimetry programs. In addition, CREGENII prepares a batch
processing file to manage the file handling needed to control the operations of subsequent codes and to prepare

an output report.

ENVIN. The ENVIN module of the GENII code controls the reading of the input files prepared by CREGENII
and organizes the input for optimal use in the environmental transport and exposure module, ENV. The ENVIN
code interprets the basic input, reads the basic GENII data libraries and other optional input files, and organizes
the input into sequential segments on the basis of radionuclide decay chains.
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A standardized file that contains scenario, control, and inventory parameters is used as input to ENVIN.
Radionuclide inventories can be entered as functions of releases to air or water, concentrations in basic
environmental media (air, soil, or water), or concentrations in foods. If certain atmospheric dispersion options
have been selected, this module can generate tables of atmospheric dispersion parameters that will be used in later
calculations. If the finite plume air submersion option is requested in addition to the atmospheric dispersion
calculations, preliminary energy-dependent finite plume dose factors also are prepared. The ENVIN module
prepares the data transfer files that are used as input by the ENV module; ENVIN generates the first portion of
the calculation documentation—the run input parameters report.

ENYV. The ENV module calculates the environmental transfer, uptake, and human exposure to radionuclides that
result from the chosen scenario for the user specified source term. The code reads the input files from ENVIN
and then, for each radionuclide chain, sequentially performs the precalculations to establish the conditions at
the start of the exposure scenario. Environmental concentrations of radionuclides are established at the
beginning of the scenario by assuming decay of preexisting sources, considering biotic transport of existing
subsurface contamination, and defining soil contamination from continuing atmospheric or irrigation
depositions. Then, for each year of postulated exposure, the code estimates air, surface soil, deep soil,
groundwater, and surface water concentrations of each radionuclide in the chain. Human exposures and intakes
of each radionuclide are calculated for: 1) pathways of external exposure from finite atmospheric plumes; 2)
inhalation; 3) external exposure from contaminated soil, sediments, and water; 4) external exposure from special
geometries; and 5) internal exposures from consumption of terrestrial foods, aquatic foods, drinking water,
animal products, and inadvertent intake of soil. The intermediate information on annual media concentrations
and intake rates are written to data transfer files. Although these may be accessed directly, they are usually used
as input to the DOSE module of GENII.

DOSE. The DOSE module reads the annual intake and exposure rates defined by the ENV module and converts
the data to radiation dose. External dose is calculated with precalculated factors from the EXTDF module or

from a data file prepared outside of GENII. Internal dose is calculated with precalculated factors from the
INTDF module.

EXTDF. The EXTDF module calculates the external dose-rate factors for submersion in an infinite cloud of
radioactive materials, immersion in contaminated water, and direct exposure to plane or slab sources of
radionuclides. EXTDF was not used. Instead, the dose rate factors listed in External Dose Rate Factors for
Calculation of Dose to the Public (DOE/EH-0070) were used for this PEIS.

INTDF. Using the Limits for Intakes of Radionuclides by Workers (ICRP Publication 30) model, the INTDF
module calculates the internal (inhalation and ingestion) dose conversion factors of radionuclides for specific
organs. The factors generated by INTDF were used for the calculations presented in this PEIS.

GENII is a general purpose computer code used to model dispersion, transport, and long-term exposure effects
of specific radionuclides and pathways. Sophisticated codes such as UFOTRI and ETMOD (Environmental
Tritium Model) are used exclusively for modelling tritium transport and dosimetry. The UFOTRI and ETMOD
codes were not chosen for use in this PEIS due to the lack of information on detailed facility design and on the
breakdown of tritium into elemental and tritiated water forms, and because these codes cannot be used for
modeling the exposure effects of radionuclides other than tritium. GENII was chosen because it can model both
air and surface transport pathways and is not restricted to any radionuclides.

M.2.2.2 Data and Assumptions
In order to perform the dose assessments for this PEIS, different types of data must be collected and/or

generated. In addition, calculational assumptions have to be made. This section discusses the data collected and/
or generated for use in the dose assessment and assumptions made for this PEIS.
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Meteorological Data. The meteorological data used for all sites were in the form of joint frequency data files.
A joint frequency data file is a table listing the fractions of time the wind blows in a certain direction, at a certain
speed, and within a certain stability class. The joint frequency data files were based on measurements over a 1-
year period at various locations and at different heights at the sites. Average meteorological conditions (averaged
over the 1-year period) were used for normal operation. Meteorological data are presented in Health Risk Data,

October 1996.

Population Data. Population distributions were based on 1990 Census of Population and Housing data.
Projections were determined for 2030 (approximate midlife of operations) for areas within 80 km (50 mi) of the
proposed facilities at each candidate site. The site population in 2030 was assumed to be representative of the
population over the operational period evaluated, and was used in the impact assessments. The population was
spatially distributed on a circular grid with 16 directions and 10 radial distances up to 80 kilometers. The grid
was centered on the facility from which the radionuclides were assumed to be released. Population data are
presented in Health Risk Data, October 1996.

Source Term Data. The source terms (quantities of radionuclides released to the environment over a given
period) were estimated on the basis of latest conceptual designs of facilities and experience with similar
facilities. The source terms used to generate the estimated impacts of normal operation are provided in Section
M.2.3 for the storage and disposition facilities which could be located at the various sites. Source terms for
candidate and representative sites are presented in Sections M.2.4 through M.2.15.

Food Production and Consumption Data. Data from the 1987 Census of Agriculture was used to generate
site-specific data for food production. Food production was spatially distributed on the same circular grid as was
used for the population distributions. The consumption rates were those used in GENII for the maximum
individual and average individual. People living within the 80 km (50 mi) assessment area were assumed to
consume only food grown in that area.

Calculational Assumptions. Dose assessments were performed for members of the general public and workers.
Dose assessments for members of the public were performed for two different types of receptors considered in
this PEIS: a maximally exposed offsite individual and the general population living within 80 km (50 mi) of the
facility. It was assumed that the maximally exposed individual (MEI) was located at a position on the site
boundary that would yield the highest impacts during normal operation of a given alternative. If more than one
facility was assumed to be operating at a site, the dose to a “maximum receptor” (that is, a potential site MEI)
from each facility was calculated. This was accomplished by preliminarily designating each potential MEI as a
maximum receptor for each facility modeled—subsequently, whichever maximum receptor was found to incur
the largest dose was then ultimately selected as the MEI for the site. An 80-km (50-mi) population dose was
calculated for each operating facility at a site. These doses were then added to give the total population dose at
that site.

To estimate the radiological impacts from normal operation of reactors and support facilities, additional
assumptions and factors were considered in using GENI]I, as follows:

¢ No prior deposition of radionuclides on ground surfaces was assumed.

* For the maximally exposed off-site individual, the annual exposure time to the plume and to soil
contamination was 0.7 year (NRC 1977b:1.109-68).

« For the population, the annual exposure time to the plume and to soil contamination was 0.5 year
(NRC 1977b:1.109-68).

» The exposed individual or population was assumed to have the characteristics and habits (for
example; inhalation and ingestion rates) of the adult human.
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* A semi-infinite/finite plume model was used for air immersion doses. Other pathways evaluated
were ground exposure, inhalation, ingestion of food crops and animal products contaminated by
either deposition of radioactivity from the air or irrigation, ingestion of fish and other aquatic food
raised in contaminated water, swimming and boating in contaminated surface water, and drinking
contaminated water. It should be noted that not all pathways were available at every site.

* For atmospheric releases it was assumed that ground level releases would occur for all storage and
disposal facilities. For site dependent facilities, reported release heights were used and assumed to
be the effective stack height. Use of the effective stack height negates plume rise thereby making the
resultant doses conservative.

* The calculated doses were 50-year committed doses from 1 year of intake.

The exposure, uptake, and usage parameters used in the GENII model are provided in Tables M.2.2.2-1 through
M.2.2.24.

Annual average doses to workers for No Action at the Hanford Site (Hanford), Nevada Test Site (NTS), Idaho
National Engineering Laboratory (INEL), Pantex Plant (Pantex), Rocky Flats Environmental Technology Site
(RFETS), and Los Alamos National Laboratory (LANL) were generally based on measured values received by
radiation workers during the 1989 to 1992 time period. The dose values are given in a series of documents that
cover this time period. Dose values for 1992 are contained in “Compilation of Doses to Workers at DOE
Facilities in 1992” (DOE 1993n:7). The same type reports are used for the earlier years. The average dose
received by a worker at these sites in 2005 was assumed to remain the same as the annual average during the
1989 to 1992 period. The total workforce dose in 2005 was calculated by multiplying the average worker dose
by the projected number of workers in 2005. For Oak Ridge Reservation (ORR) and Savannah River Site (SRS),
worker dose projections provided by the sites were used. For NRC-licensed sites, No Action worker doses were
based on reported values for 1993 given in Occupational Radiation Exposure at Commercial Nuclear Power
Reactors and Other Facilities, 1993 (NUREG-0713-V15).

Doses to workers directly associated with storage and disposition facilities were taken from the reports prepared
by Fluor Daniel, Inc.; Sandia National Laboratories (SNL), New Mexico; LANL; Lawrence Livermore National
Laboratory (LLNL); and SRS. To obtain the total workforce dose at a site with a particular storage or disposition
facility in operation, the site dose from No Action was added to that from the storage or disposition facility being
evaluated. The average dose to a site worker was then calculated by dividing this dose by the total number of
radiation workers at the site.

All doses to workers include a component associated with the intake of radioactivity into the body and another
component resulting from external exposure to direct radiation.

A more detailed discussion of doses to workers associated with storage and disposition is given in Section
M.2.3.2.

M.2.2.3 Health Effects Calculations

In this PEIS, the collective combined effective dose equivalent is the sum of the collective committed effective
dose equivalent (internal dose) and the collective effective dose equivalent (external dose), as explained in
Section M.2.1.1. Doses calculated by GENII were used to estimate health effects using the risk estimators
presented in Section M.2.1.2, The incremental cancer fatalities in the general population and groups of workers
due to radiation exposure were therefore estimated by multiplying the collective combined effective dose
equivalent by 0.0005 and 0.0004 fatal cancers/person-rem, respectively.Although health risk factors are
statistical factors and therefore not strictly applicable to individuals, they have been used in the past to estimate
the incremental risk to an individual from exposure to radiation. Therefore, the factor of 0.0005 and 0.0004
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per rem of individual committed effective dose equivalent for a member of the public and for a worker,
respectively, have also been used in this PEIS to calculate the individual’s incremental fatal cancer risk from

exposure to radiation.

For the public, the health effects expressed in this PEIS are the risk of fatal cancers to the maximally exposed
individual and the number of fatal cancers to the 80-km (50-mi) population from exposure to radioactivity
released from any site over the full operational period. For workers, the health effects expressed are the risk to
the average worker at a site and the number of fatal cancers to all workers at that site over the full period of site

operations.
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M.2.3 STORAGE AND DISPOSITION FACILITIES INFORMATION

This section presents compilations of radiological releases to the environment from facilities associated with all
alternatives assessed in this PEIS except No Action. The No Action releases are presented as part of the specific
site discussions in Section M.2.4 through M.2.9. This section also presents the in-plant worker doses associated
with these same facilities.

M.2.3.1 Radiological Releases to the Environment

Long-Term Storage. The annual release of radioactivity to the environment associated with the alternatives for
the long-term storage of Pu and highly enriched uranium (HEU) are given in Table M.2.3.1-1. The releases, by
radionuclide, are given for operation of upgraded Pu storage facilities at Hanford, INEL, Pantex, and SRS and
upgraded HEU storage facilities at ORR; for operation of consolidated Pu storage facilities at Hanford, NTS,
INEL, Pantex, and SRS; and for operation of collocated Pu and HEU storage facilities at Hanford, NTS, INEL,
Pantex, ORR, and SRS.

Front-End Processes Common to Multiple Plutonium Disposition Alternatives. The annual releases of
radioactivity to the environment associated with front-end processes common to multiple Pu disposition
alternatives are given in Table M.2.3.1-2. The releases, by radionuclide, include those for operation of a pit
disassembly/conversion facility, a Pu conversion facility, and a mixed oxide (MOX) fuel fabrication facility.
These releases are independent of site location.

Table M.2.3.1-1. Annual Radioactive Releases During Normal Operation of Long-Term Storage Facilities

(curies)®
Facility/Radionuclides Site
Upgraded Pu Storage Facility Hanford INEL Pantex SRS
Pu-238 1.8x10°8 2.5x10° b c
Pu-239 5.6x108 9.2x10°8 b c
Pu-240 2.8x10°8 2.4x10°8 b c
Pu-241 8.6x1077 8.6x10°8 b c
Pu-242 1.6x107!! 3.6x10°12 b c
Am-24] 3.5x10°8 4.5x10°10 b ¢
Upgraded HEU Storage Facility ORRY
U-234 2.7x10°12
U-235 4.7x10°!!
U-236 2.9x10°10
U-238 9.3x10°
Consolidated Pu Storage Facility Hanford, NTS, INEL, Pantex, and SRS
Pu-238 1.5x10°8
Pu-239 5.4x1077
Pu-240 1.4x10”7
Pu-241 5.1x10”7
Pu-242 2.1x10°M!
Am-24] 2.7x10°
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Table M.2.3.1-1. Annual Radioactive Releases During Normal Operation of Long-Term Storage Facilities
(curies)®* —Continued

Facility/Radionuclides Site
Collocated Pu and HEU Storage Facility Hanford, NTS, INEL, Pantex, ORR, and SRS
Pu-238 1.5x10°8
Pu-239 5.4x1077
Pu-240 1.4x10”7
Pu-241 5.1x1077
Pu-242 2.1x10°!!
Am-241 2.7x107°
U-234 2.7x10712
U-235 4.7x10°1
U-236 2.9x10710
U-238 9.3x107°

4 All releases are to the atmosphere.
b Radiation dose for the storage facility is calculated to be 1.8x10 8 for the MEI and 6.3x10° person-rem for the population within
80 km, but no radionuclide emissions are available (HNUS 1996a).

¢ Radiation dose for the storage facility is calculated to be 8.3x10 6 for the MEI and 3.5x10°% person-rem for the population within
80 km, but no radionuclide emissions are available (SR DOE 1995¢).

¢ Assumed uranium releases from Collocated Storage Facility would be applicable for the ORR Upgraded HEU Storage Facility.

Note: Am=Americium.
Source: DOE 1996e; DOE 1996f; HF 1995a:1; HNUS 1996a; IN DOE 1996a; PX MH 1995a; SRS 1996a:4.

Plutonium Disposition Alternatives. The annual releases of radioactivity to the environment associated with the Pu
disposition alternatives are given in Table M.2.3.1-3 for facilities other than reactors, and in Tables M.2.3.1-4 and
M.2.3.1-5 for reactors. The releases have been separated to facilitate data presentation since reactors release a much larger
number of radionuclides than do the other facilities. Table M.2.3.1-3 presents the releases by radionuclide for operation of
ceramic immobilization, vitrification, and the deep borehole complex. Tables M.2.3.1-4 and M.2.3.1-5 present the releases,
by radionuclide, for operation of a large and a small evolutionary light water reactor (LWR), respectively.

M.2.3.2 Radiological Impacts to In-Plant Workers

Operation of each of the facilities whose releases were addressed in Section M.2.3.1 result in radiological doses and
associated health effects to in-plant workers. The numbers of badged workers, the average and total worker doses, and
the risks and numbers of fatal cancers are given in Table M.2.3.2-1 for workers involved with disposition activities. It
should be noted that for several disposition facilities, the number of years for facility operation varies due to the fact
that the duration of operation depends on the end use of that facility. For example, the MOX fuel fabrication facility
could operate for either 17 years supplying fuel for evolutionary and partially completed U.S. reactors or 23 years
supplying fuel for existing Canadian Deuterium Uranium reactors.

Based on a review of impacts to workers involved in similar operations, the radiological impacts to workers
involved with storage activities assume an annual average dose of approximately 250 mrem per worker for the
storage upgrade alternative (HF DOE 1996a:2-4; IN DOE 1996a:1-6; NT DOE 1996a:1-7. For the upgrade at
Pantex, an average measurable dose of 116 mrem/yr to radiological workers was assumed to be applicable for the
workers associated with storage operations (PX 1996e:2). The number of these involved workers, and therefore
the total dose to the involved workforce, is site dependent. For consolidated and collocation storage alternatives
that require new facilities, the annual average dose is estimated to be 258 mrem and 264 mrem per worker,
respectively. For these storage facilities, the number of involved badged workers are independent of the site and
would number 92 and 95, respectively; therefore, the total dose to the involved workforce is also site
independent (DOE 1996e:1-6; DOE 1996f:1-8). The detailed results of worker doses associated with all storage
facilities are presented in the storage public and occupational health sections of Chapter 4.
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Table M.2.3.1-2. Annual Radioactive Releases During Normal Operation of Facilities for Plutonium
Disposition Used by Multiple Alternatives (curies)®

Facility/Radionuclides

Releases

Pit Disassembly/Conversion
Facility
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Am-241
Pu Conversion Facility
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Am-241
Mixed Oxide Fuel Fabrication
Facility
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Am-241
U-232
U-234
U-235
U-238

4.2x1077
4.3x107
1.0x10°?
3.2x107
2.9x10°10
1.7x10°°

2.3x10
3.6x10°
1.2x107
4.8x107
3.8x107?
2.6x107

7.9x10°7
2.9x10°3
7.6x10°®
2.7x10°5
1.1x10°
1.4x107
1.3x1077
3.2x10°8
6.2x10°10
4.8x10°8

3 All releases are to the atmosphere.
Note: Am=Americium.

Source: HNUS 1996a; LANL 1996b; LANL 1996¢c; LANL

1996d.
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Table M.2.3.1-3. Annual Radioactive Releases During Normal Operation of Non-Reactor Plutonium
Disposition Facilities (curies)®

Facility/Radionuclides Releases

Borehole Complex (Direct
Disposition Alternative)

Pu-238 1.2x10°1!
Pu-239 9.2x10°'0
Pu-240 2.4x10°10
Pu-241 1.3x10°10
Pu-242 3.6x10°14
Am-241 2.0x10°10
Ceramic Immobilization Facility

(Immobilized Disposition

Alternative)

Pu-238 9.3x10°!!
Pu-239 7.0x107?
Pu-240 1.9x10°
Pu-241 9.7x10°10
Pu-242 2.8x10°13
Am-241 3.5x10°!!

Borehole Complex (Immobilized
Disposition Alternative)

Pu-238 1.4x10°"
Pu-239 1.1x10°°
Pu-240 2.8x10°10
Pu-241 1.5x10°10
Pu-242 4.1x10°14
Am-241 3.0x10°10
Vitrification Alternative
Pu-238 3.7x10°8
Pu-239 2.8x10°
Pu-240 7.5x10°7
Pu-24] 3.9x107
Pu-242 1.1x10°10
Am-241 1.4x108
Cs-137 5.0x107°
Ceramic Immobilization

Alternative

Pu-238 9.3x10°!!
Pu-239 7.0x10®
Pu-240 1.9x107°
Pu-241 9.7x10°10
Pu-242 2.8x10°13
Am-241 3.5x10°!!
Cs-137 1.0x107

2 All releases are to the atmosphere.
Note: Am=Americium.

Source: HNUS 1996a; LLNL 1996a; LLNL 1996¢c; LLNL
1996d; LLNL 1996e: LLNL 1996h.
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Table M.2.3.1-4. Annual Liquid and Atmospheric Radioactive Releases From the Large Evolutionary

Light Water Reactor Using a Mixed Oxide Core (curies)

Release Release
Wet Site? Dry Site? Wet Site? Dry Site?
Isotope Atmospheric Liquid Atmospheric Isotope Atmospheric Liquid Atmospheric

H-3 6.8x10! 6.0x10! 1.3x10% Sr-92 7.8x10™ 8.0x10™ 1.6x1073
C-14 9.2 1.6x10 9.2 Y-90 1.7x107 1.2x10°® 1.9x107
Ar-41 6.8 0 6.8 Y-91 1.5x10 6.7x1073 2.1x10
Kr-83m 1.4x1073 0 1.4x1073 Y-92 4.5x10% 4.3x10% 8.8x10™
Kr-85m 2.3x10! 0 2.3x10! Y-93 1.0x1073 8.3x10™ 1.8x10°3
Kr-85 4.9x10? 0 49x10% Zr-95 1.0x1073 7.4x10™ 1.8x10°3
Kr-87 2.5x10! 0 2.5x10! Nb-95 1.5x10°3 8.8x10™ 2.4x1073
Kr-88 3.7x10! 0 3.7x10! Mo-99 1.4x102 7.9x107* 1.5x102
Kr-89 4.0x10% 0 4.0x10% Tc-99m  3.0x10% 8.0x10% 1.1x1073
Kr-90 5.4x10 0 5.4x107* Ru-103 6.0x10 2.2x10% 8.3x10™
Xe-131m 8.6x10 0 8.6x10 Rh-103m  1.1x10%  9.0x10° 1.2x10%
Xe-133m 1.4x10°! 0 1.4x10°! Ru-106 3.2x107 2.9x10 3.2x10
Xe-133 3.8x10° 0 3.8x10° Rh-106 1.9x107 1.7x10* 1.9x10*
Xe-135m 6.8x10? 0 6.8x10° Ag-110m  6.5x10”7 3.3x10% 3.3x107
Xe-135 2.2x103 0 2.2x103 Sb-124 1.7x10™ 3.6x10™ 5.3x10
Xe-137 8.6x10% 0 8.6x10? Te-129m  1.7x10* 1.3x107 1.8x10%
Xe-138 7.2x10? 0 7.2x10% Te-13lm  9.1x107 4.1x107 1.3x10*
Xe-139 6.8x10 0 6.8x10™ I-131 2.9x10°! 3.5x10°3 2.9x10°!
Na-24 4.1x1073 2.8x1073 6.9x1073 Te-132 2.0x10°? 4.3x10°6 2.5x107
P-32 9.2x10™ 1.8x10°* 1.1x1073 1-132 2.3 2.8x1073 23
Cr-51 3.5x102 7.7x1073 4.3x1072 I-133 1.6 9.5x1073 1.6
Mn-54 4.9x1073 2.6x10°3 7.5x1073 1-134 3.6 1.6x1073 3.6
Mn-56 3.5x10°3 3.8x1073 7.3x1073 Cs-134 8.9x107 3.2x1073 3.3x1073
Fe-55 6.5x1073 5.8x1073 1.2x102 1-135 2.4 7.5x1073 2.4
Co-56 0 5.2x10°3 5.2x1073 Cs-136 1.2x10* 4.7x10* 5.8x10
Co-57 0 7.2x10°3 7.2x107 Cs-137 4.2x10% 8.2x10°3 8.6x1073
Co-58 2.4x1073 9.0x107 2.5x1073 Cs-138 1.7x10% 1.9x10™* 3.6x10
Co-60 1.1x10°2 9.1x10°3 2.0x102 Cs-139 8.2x1070 0 8.2x10°3
Fe-59 6.5x107* 1.0x10™ 7.5x10"* Ba-140 1.2x1072 6.1x10 1.2x102
Ni-63 6.5x10°° 1.4x10™ 1.5x10% La-140 1.6x1073 1.5x10% 1.8x1073
Cu-64 1.0x102 7.5x10°3 1.8x10°2 Ce-141 8.6x1073 1.2x107* 8.8x1073
Zn-65 8.1x1073 9.0x107 8.2x107 Ce-144 1.3x107 1.3x10°3 1.3x10°3
Rb-89 4.3x1073 4.4x107 8.7x107 Pr-143 0 1.1x10® 1.1x10°®
Sr-89 3.2x1073 6.3x107 33x1073 Pr-144 1.9x107 0 1.9x10°3
Sr-90 2.8x1073 1.5x1073 4.3x107 W-187 1.9x10™ 9.5x107 2.8x10™%
Sr-91 6.5x10™ 59x10™ 1.2x1073 Np-239  5.9x103 1.6x1073 7.5x10°3

3 A wet site is characterized by the potential for effluent material to be emitted either through airborne or liquid pathways. A dry site
only exhibits the potential to emit effluent material via the airborne pathway. For a dry site, it was conservatively assumed that liquid
and atmospheric effluents are released into the atmosphere.

Source: HNUS 1996a.
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Table M.2.3.1-5. Annual Liquid and Atmospheric Radioactive Releases From the Small Evolutionary
Light Water Reactor Using a Mixed Oxide Core (curies)

Release Release
Wet Site? Dry Site? Wet Site? Dry Site?
Isotope Atmospheric Liquid Atmospheric Isotope Atmospheric Liquid Atmospheric
H-3 © 8.4x10! 7.5x10? 8.4x10% Nb-95 2.1x1073 1.6x1073 3.7x1073
-C-14 7.3 0 73 Mo-99 0 7.9x10™ 7.9x10™
Ar-41 3.4x10! 0 3.4x10! Tc-99m 0 46x10* 4.6x10™
Kr-85m 3.2x10! 0 3.2x10! Ru-103 1.0x10™* 1.8x1073 1.9x1073
Kr-85 1.7x10% 0 1.7x10? Rh-103m 0 1.1x1073 1.1x103
Kr-87 95 0 9.5 Ru-106 1.4x107* 3.9x102 3.9x102
Kr-88 3.4x10! 0 3.4x10! Ag-110m 0 1.4x1073 1.4x1073
Xe-131m 2.0x10° 0 2.0x103 Sb-124 0 43x10 43x10*
Xe-133m 8.9x10! 0 8.9x10! Sb-125 6.1x107 0 6.1x1073
Xe-133 4.7x103 0 4.7x10° Te-129m 0 3.9x107 3.9x107
Xe-135m 9.8 0 9.8 Te-129 0 3.8x107 3.8x107
Xe-135 5.4x10? 0 5.4x10% Te-131m 0 1.7x10™ 1.7x10*
Xe-138 4.6 0 4.6 Te-131 0 3.0x10°3 3.0x10°°
Na-24 0 3.2x1073 3.2x1073 I-131 7.3x102 3.6x1072 1.1x10’!
P-32 0 1.8x10™ 1.8x107* Te-132 0 2.1x10% 2.1x10
Cr-51 6.1x107% 5.2x1073 5.8x1073 I-132 0 2.4x1073 2.4x1073
Mn-54 4.4x10™ 4.0x1073 4.4x10°3 I-133 2.4x10°! 2.0x102 2.6x10°!
Fe-55 0 7.4x1073 7.4x1073 I-134 0 8.6x107 8.6x107
Co-57 8.2x10°® 0 8.2x10°¢ Cs-134 1.5x1073 1.8x102 1.9x102
Co-58 2.3x10°2 8.6x103 3.2x102 I-135 0 1.4x1072 1.4x102
Co-60 8.7x1073 1.4x1072 2.3x102 Cs-136 1.1x10™ 2.0x1073 2.1x1073
Fe-59 7.9x10 2.2x1073 2.3x1073 Cs-137 3.7x103 3.8x1072 4.2x102
Ni-63 0 1.7x1073 1.7x10°3 Ba-140 3.9x10 2.5x1073 2.9x1073
Zn-65 0 8.0x1073 8.0x10°? La-140 0 2.6x1073 2.6x1073
Sr-89 1.7x1073 6.3x107 1.8x10°3 Ce-141 3.9x10°3 2.4x107* 2.7x10
Sr-90 6.0x10™ 1.0x10°3 6.1x10™ Ce-143 0 2.3x107* 2.3x10™*
Sr-91 0 3.2x1073 3.2x10° Ce-144 0 3.6x1073 3.6x1073
Y-91m 0 3.0x10°° 3.0x107 Pr-144 0 5.8x10™* 5.8x10
Y-91 0 5.7x107 5.7x10° W-187 0 2.2x10™ 2.2x10"*
Y-93 0 1.7x107* 1.7x10™ Np-239 0 1.0x10™ 1.0x10™
Zr-95 8.5x10™ 1.0x1073 1.9x107

2 A wet site is characterized by the potential for effluent material to be emitted either through airborne or liquid pathways. A dry site
only exhibits the potential to emit effluent material via the airborne pathway. For a dry site, it was conservatively assumed that liquid
and atmospheric effluents are released into the atmosphere.

Source: HNUS 1996a.
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Table M.2.3.2-1. Potential Radiological Impacts From Normal Operation to Involved Workers of
Disposition Technology Alternatives and Common Activities

Involved Average
Years of  “Badged”  Worker RiskofFatal Total Dose Fatal
Operation Workforce Dose Cancer? (person- Cancers®
Facility (mrem/yr) rem/yr)
Front-End Processes
(Common to Multiple
Disposition Alternatives)
Pit Disassembly and 10 415 200 1.3x1073 83 0.33
Conversion Facility
[Text deleted.]
Pu Conversion Facility 10 572 233 9.3x10™* 133 0.53
[Text deleted.]
MOX Fuel Fabrication
Facility
17 125 250 1.7x10°3 31 0.21
23 125 250 2.3x10°3 31 0.29
Plutonium Disposition
Alternatives
Direct Disposition
Alternative
Deep Borehole Complex 10 205 13 5.2x107 2.7 0.011
Immobilized Disposition
Alternative
Ceramic Immobilization 10 450 240 9.8x10™ 110 0.44
Facility
Deep Borehole Complex 10 168 13 5.2x107 2.2 8.8x10°3
Vitrification Alternative 10 550 200 8.0x10* 110 0.44
Ceramic Immobilization 10 430 279 1.1x1073 120 0.48
Alternative
Electrometallurgical 10 73 40 1.6x10™ 2.9 0.012
Treatment Alternative
Existing LWR 23 600 281 2.6x10°3 172 1.6 -
to 1,000 0543  105.0x107 to 602 to 5.5
Partially Completed LWR 23 1,050 360 3.2x10°3 380 35
Evolutionary LWR
Small 17 125 800 5.4x103 100 0.68
Large 17 210 810 5.5x1073 170 12

3 As the result of operations for the number of years given in the first column.

Source: LANL 1996b; LANL 1996¢; LANL 1996d; LLNL 1996a; LLNL 1996b; LLNL 1996c; LLNL 1996d; LLNL 1996e; LLNL
1996g; LLNL 1996h; NRC 1995b; ORNL 1995b.
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M.24 RADIOLOGICAL IMPACTS AT HANFORD SITE

This section presents the radiological impacts of the various storage and disposition alternatives at Hanford.
Section M.2.4.1 presents the radiological releases and resulting impacts from facilities associated with No
Action. Section M.2.4.2 presents the radiological releases and resulting impacts from the various alternatives.

For purposes of radiological impact modeling, Hanford was divided into seven separate areas which would
release radioactivity in 2005. All potential release points in each area were aggregated into a single release point.
Table M.2.4-1 presents the characteristics of each of the release points including location, release height,
minimum distance, and annual average dispersion to the site boundary in each of 16 directions. In order to
calculate the maximum site boundary dose (that is, the dose ultimately incurred to the site MEI), the dose from
each release point to the “maximum receptor” (that is, potential MEI) associated with each of the other release
points has been calculated. For further clarification on the definition of a “maximum receptor” refer to Section
M.2.2.2. For example, the dose resulting from releases from the 100 Area, 200 West, 200 East, 300 Area, and
the other storage and disposition alternatives (Washington Nuclear Power-1), has been determined for the
maximum receptor from the 400 Area. Figure M.2.4-1 illustrates the location of each maximum receptor in
relation to each release point. The maximum site boundary dose (that is, the dose ultimately incurred by the
MEI) is then determined by the maximum dose to one of these maximum receptors. Table M.2.4-2 presents the
distance, direction, and atmospheric dispersion from each release point to each of the maximum receptors.
Annual radiological releases were assumed to remain constant during the full operational period.

Descriptions of population, food stuffs distributions, and aquatic foods for each release area are provided in a
Health Risk Data report, October, 1996. The joint frequency distributions used for the dose assessment were
based on measurements from the meteorological tower in the 200 East Area at the 10-m (33-ft) height during
the time period of July 1, 1989 through August 30, 1990 and is contained in the Health Risk Data report.

Doses given in this section are associated with 1 year of operation because regulatory standards are given as
annual limits. The health effects are presented on an annual basis in the tables, and for the projected operational
period in the text. Tables M.2.4-3 through M.2.4-6 include the radiological impacts to the public from both
atmospheric releases and from using the surface water for No Action and the storage and disposition
alternatives.

M.24.1 No Action

Atmospheric Releases and Resulting Impacts to the Public. For No Action, five of the six areas have
radioactive releases into the atmosphere from normal operation. Table M.2.4.1-] presents the estimated annual
atmospheric radioactive releases.

Tables M.2.4-3 and M.2.4-4 include the atmospheric radiological impacts to the maximally exposed
member of the public and the offsite population within 80 km (50 mi), respectively. The MEI would receive
an annual dose of 4.4x107> mrem. An estimated fatal cancer risk of 1.1x10”7 would result from 50 years of
operation. The population within 80 km (50 mi) would receive a dose of 0.46 person-rem in 2030 (midlife
of operation). An estimated 0.012 fatal cancers could result from 50 years of operation.

Liquid Releases and Resulting Impacts to the Public. For No Action, some areas may have radioactive
releases to the offsite surface water from normal operation. Table M.2.4.1-2 presents the estimated annual liquid
radioactive releases.

Tables M.2.4-5 and M.2.4-6, respectively, inciude the radiological impacts to the MEI and the offsite
populations using surface water within 80 km (50 mi) downstream of Hanford. The maximally exposed
member of the public would receive an annual dose of 9.5x10°* mrem. An estimated fatal cancer risk of
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Table M.2.4-2. Direction, Distance, and Meteorological Dispersion to Various Maximum Individual
Receptors at the Hanford Site Boundary

Atmospheric
Dispersion
Direction Distance Chi/Q
Maximum Receptor For (m) (s/m>)
Release Point: 100 Area
100 Area NW 7,289 7.9x10°8
200 West w 12,214 2.3x10°8
200 East ESE 23,726 3.9x10°8
300 Area SE 42,124 1.5x10°®
400 Area SE 37,783 1.8x108
600 Area S 32,656 1.2x10°8
WNP-1 SE 34,885 1.9x10°8
Release Point: 200 West
100 Area N 17.235 4.6x107
200 West NW 14,910 9.9x10™
200 East E 23,514 9.1x10
300 Area SE 35,271 6.0x10°
400 Area ESE 32,194 7.5x10°°
600 Area SSE 22,149 5.3x10°°
WNP-1 ESE 30,381 7.9x10°°
Release Point: 200 East
100 Area NNW 19,541 6.2x10°
200 West WNW 19,965 3.9x107
200 East E 17,205 1.3x10°8
300 Area SE 30,363 7.1x10®
400 Area SE 26,701 8.2x107?
600 Area S 20,407 6.9x10™°
WNP-1 ESE 34,885 6.9x10°
Release Point: 300 Area
100 Area NW 48,259 4.9x10°
200 West NW 48,764 4.9x10°
200 East N 23,223 8.4x107°
300 Area ESE 1,493 9.8x10°7
400 Area NNE 5,963 4.0x10°8
600 Area w 18,045 1.1x10°8
WNP-1 N 10,083 2.5x108
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Table M.2.4-2. Direction, Distance, and Meteorological Dispersion to Various Maximum Individual
Receptors at the Hanford Site Boundary—Continued

Atmospheric
Dispersion
Direction Distance Chi’/Q
Maximum Receptor For (m) (s/m)
Release Point: 400 Area
100 Area NW 38,933 7.2x10°°
200 West NW 39,581 7.0x10°
200 East N 16,127 1.5x10°8
300 Area SE 10,547 8.3x10°8
400 Area ESE 7,846 1.5x10°77
600 Area WSW 13,655 8.0x107
WNP-1 ENE 8,188 8.2x10°8
Release Point: 600 Area
100 Area NNW 36,551 8.6x10°?
200 West NNW 33,674 9.5x10”
200 East NE 25,978 1.4x108
300 Area E 21,313 4.6x10°8
400 Area E 21,493 4.6x10°8
600 Area SE 2,748 7.2x10°7
WNP-1 ENE 22,418 2.6x108
Release Point: WNP-1
100 Area NW 38,611 8.3x10°°
200 West WNW 40,473 4.0x107°
200 East N 12,370 2.6x108
300 Area SSE 11,643 3.5x10°8
400 Area SE 6,472 2.0x10°77
600 Area WSW 18,493 6.2x10°
WNP-1 E 4216 4.5x10°77

Source: HNUS 1996a.

2.4x108 would result from 50 years of operation. The population would receive a dose of 1.1 person-rem in
2030. An estimated 0.028 fatal cancers could result from 50 years of operation.

Worker Doses and Health Effects. Based on measured values during 1991 and 1992, it is estimated that the
average dose to a badged worker involved in No Action activities at Hanford in 2005 and beyond would equal
27 mrem. It is projected that in 2005 and beyond, there would be 9,300 badged workers involved in No Action
activities. The annual dose among all these workers would equal 250 person-rem. From 50 years of operation,
an estimated fatal cancer risk of 5.5x10 would result to the average worker and 5.1 fatal cancers could result
among all workers.
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Table M.2.4.1-1. Annual Atmospheric Radioactive Releases From Normal Operation of No Action at

Hanford Site (curies)
No Action
Isotope 100 Area 200 East 200 West® 300 Area 400 Area 600 Area Storage

H-3 0 0 0 11.6 2.10 0 0
[Text deleted.]
Co-60 5.22x10° 0 0 1.40x10°8 0 0 0
Sr-90 5.43x10°  1.44x10*  8.4x10°  4.15x107 0 1.80x107  4.4x107
Ru-106 1.31x107 0 0 0 0 0 0
Sb-125 6.01x10°® 0 0 1.51x10°® 0 0 0
I-129 0 4.85x103  4.0x10° 0 0 0 0
Cs-134 8.89x10°8 0 0 3.30x1077 0 0 0
Cs-137 1.61x10%  1.50x103  2.3x10%  9.34x107  8.22x10° 0 0
Pm-147 0 1.10x10™* 0 0 0 0 0
Eu-154 6.28x10°° 0 0 1.49x10° 0 0 0
Eu-155 2.84x10°° 0 0 2.60x10°8 0 0 0
Pb-212 0 9.70x10™* 0 0 0 0 0
Rn-222 0 0 0 1.50 0 0 0
[Text deleted.]
Pu-238 1.03x10%  3.20x10° 0 6.85x10°8 0 0 0
Pu-239 821x10%  1.12x10°  3.8x10°  8.44x10%  2.38x10®  4.00x10®  5.1x10%
Pu-241 0 3.30x10°° 0 0 0 0 3.4x10°3
Am-241 5.41x10%  2.78x10°  5.5x10°  5.51x10°® 0 0 9.4x107

2 Presented releases do not include those associated with storage operations.
Source: HF PNL 1994b.

Table M.2.4.1-2. Annual Liquid Releases From Normal Operation of No Action at Hanford Site (curies)

Isotope Release?
H-3 0.38
Co-60 3.6x10™
Sr-90 0.11
Ru-106 1.6x1073
Sb-125 1.3x107*
Cs-134 4.7x107
Cs-137 4.4x10™
Pu-239 1.4x1077

3 Total site release.
Source: HF PNL 1994b.

M.2.4.2 Storage and Disposition

Atmospheric Releases and Resulting Impacts to the Public. Total site radiological impacts during operation
of storage or disposition facilities can be found by adding the impacts resulting from No Action facilities to the
changes in impacts resulting from storage or disposition facilities. For example, to determine the radiological
impact for the addition of the AP600 reactor at Hanford, the No Action facilities doses would be summed with
the AP600 reactor doses. Estimated annual atmospheric radioactive releases for the storage and disposition
facilities are given in Section M.2.3. Tables M.2.4-3 and M.2.4-4 include the atmospheric radiological impacts
by alternative facility.
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The annual doses associated with the different alternative facilities range from 5.3x10° to 0.45 mrem to the
maximally exposed member of the public and from 2.8x1077 t0 30 person-rem to the 80-km (50-mi) population
in 2030. The associated health effects from annual operations are included in both tables.

Liquid Releases and Resulting Impacts to the Public. There are two disposition technologies that would
release liquid discharges to the surface water surrounding Hanford. These are the large and small evolutionary
LWRs. The liquid releases for these technologies are given in Section M.2.3. As an example of determining the
total site liquid radiological impact associated with the addition of an AP600 reactor at Hanford, the No Action
liquid doses must be summed with the AP600 reactor liquid doses. Tables M.2.4-5 and M.2.4—6 present the
liquid radiological impacts for the applicable alternative facilities.

The annual doses associated with the different LWR’s that have liquid releases range from 4.7x1073 to
0.024 mrem to the maximally exposed member of the public, and range from 0.33 to 2.7 person-rem to the
downstream population in 2030. The associated health effects from annual operations are included in both
tables.

Worker Doses and Health Effects. For the storage and disposition alternatives, the impacts from the No Action
facilities need to be added to the changes in impacts from the storage or disposition facilities to determine the
impacts from total site operation (refer to the worker discussion under No Action, above, and to
Table M.2.3.2-1).
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M.2.5 RADIOLOGICAL IMPACTS AT NEVADA TEST SITE

This section presents the radiological impacts of the various storage and disposition alternatives at NTS. Section
M.2.5.1 presents the radiological releases and resulting impacts from facilities associated with No Action.
Section M.2.5.2 presents the radiological releases and resulting impacts from the various alternatives.

For purposes of radiological impact modeling, NTS was divided into six separate areas which would release
radioactivity in 2005. All release points in each area were aggregated into a single release point. Table M.2.5-1
presents the characteristics of each of the release points including location, release height, and minimum
distance and annual average dispersion to the site boundary in each of the 16 directions. In order to calculate the
maximum site boundary dose (that is, the dose ultimately incurred to the site MEI), the dose from each release
point to the “maximum receptor” (that is, potential MEI) associated with each of the other release points has
been calculated. For further clarification on the definition of “maximum receptor” refer to Section M.2.2.2. For
example, the dose resulting from releases for Areas 5, 9, 12, 19, and Device Assembly Facility has been
determined from the maximum receptor for Area 3. Figure M.2.5-1 illustrates the location of each maximum
receptor in relation to each release point. The maximum site boundary dose (that is, the dose ultimately incurred
to the site MEI) is then determined by the maximum dose to one of these maximum receptors. Table M.2.5-2
presents the direction, distance, and atmospheric dispersion from each release point to each of the maximum
receptors. Annual radiological releases were assumed to remain constant during the full operational period.

The population and food stuffs distributions centered on each release area are provided in a Health Risk Data
report, October 1996. The joint frequency distribution used for the dose assessment was based on the
meteorological measurements for 1990 from the Desert Rock at the 10-m (33-ft) height and is contained in the
Health Risk Data report.

Doses given in this section are associated with 1 year of operation because regulatory standards are given as
annual limits. The health effects are presented on an annual basis in the tables, and for the projected operational
period in the text. Tables M.2.5-3 and M.2.5-4 include the radiological impacts to the public from atmospheric
release for No Action and the storage and disposition alternatives.
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Table M.2.5-2. Direction, Distance, and Meteorological Dispersion to Various Maximum Individual
Receptors at the Nevada Test Site Boundary

Atmospheric Dispersion

Direction Distance Chi/Q
Maximum Receptor For (m) (s/m3)
Release Point: Area 3
Area 3 ENE 7,093 5.7x10°8
Area 5 SSE 22,117 1.0x10°8
Area 9 NNE 12,766 2.2x10°8
Area 12 NNW 25,015 3.8x107
Area 19 NNW 29,688 3.0x10
DAF SSE 16,601 1.5x10°8
Release Point: Area 5
Area 3 N 22,849 9.3x10°
Area 5 ENE 2,291 3.0x1077
Area 9 N 32,178 6.0x10™°
Area 12 NNW 46,638 1.7x10°°
Area 19 NNW 50,866 1.5x10°
DAF NNE 6,740 5.3x10°8
Release Point: Area 9
Area 3 SE 12,141 2.0x10°8
Area 5 SSE 31,344 6.4x107
Area 9 ENE 9,692 3.7x10°8
Area 12 NNW 15,986 6.8x10°°
Area 19 NW 20,987 1.1x10°8
DAF SSE 25,762 8.3x107°
Release Point: Area 12
Area 3 SE 26,875 7.0x10°
Area s SSE 44,834 4.0x10°
Area 9 ESE 21,893 1.0x108
Area 12 NE 4318 1.3x1077
Area 19 NNW 6.614 2.3x10°8
DAF SSE 39,639 4.7x10°
Release Point: Area 19
Area 3 ESE 40,661 4.4x10°
Area 5 SE 55,804 ‘ 2.7x10°°
Area 9 ESE 36,584 5.1x107
Area 12 E 16,711 1.7x10°8
Area 19 ENE 11,871 2.8x10°8
DAF SE 51.278 3.0x107
Release Point: DAF
Area 3 NNE 21,318 1.1x10°8
Area 5 SSE 11,411 2.4x10°8
Area 9 NNE 29,792 7.4x107
Area |2 N 40,290 4.5x107°
Area 19 NNW 43910 1.8x10°
DAF ENE 10,927 3.2x108

Source: HNUS 1996a.
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M.2.5.1 No Action

Atmospheric Releases and Resulting Impacts to the Public. For No Action, five of the six areas have
radioactive releases to the atmosphere from normal operation. Table M.2.5.1-1 presents the estimated annual
atmospheric radioactive releases.

Table M.2.5.1-1. Annual Atmospheric Radioactive Releases From Normal
Operation of No Action at Nevada Test Site (curies)

Isotope Area 3 Area s Area 9 Area 12 Area 19
H-3 0 0.29 0 3.7 0
Kr-85 0 0 0 0 160
Pu-239 1.0x1073 0 7.5x10° 0 0

Source: NT DOE 1994b.

Tables M.2.5-3 and M.2.5-4, respectively, include the radiological impacts to the maximally exposed member
of the public and offsite population within 80 km (50 mi). The MEI would receive an annual dose of
4.2x10”3 mrem. An estimated fatal cancer risk of 1.0x10"7 would result from 50 years of operation. The
population within 80 km (50 mi) would receive a dose of 3.7x103 person-rem in 2030 (mid-life of operation).
An estimated 9.3x10™ fatal cancers could result from 50 years of operation.

Liquid Releases and Resulting Impacts to the Public. There are no radioactive liquid releases to the offsite
environment associated with No Action. Therefore, there are no resulting impacts.

Worker Doses and Health Effects. Based on measured values during the time period of 1989 to 1992
(Twenty-Second Annual Report Radiation Exposures for DOE and DOE Contract Employees—1989
[DOE/EH-0286P]) and subsequent yearly dose reports), the annual average dose to a badged worker at NTS was
calculated to be 5 mrem. It is projected that in 2005 and beyond, there would be 619 badged workers involved
in No Action activities at NTS. The annual average dose to these workers was assumed to remain at 5 mrem; the
annual total dose among all these workers would then equal 3 person-rem. From 50 years of operation, an
estimated fatal cancer risk of 1.0x10™* would result to the average worker and 0.060 fatal cancer could result
among all workers.

M.2.5.2 Storage and Disposition

Radioactive Releases and Resulting Impacts to the Public. For the storage and disposition alternatives, the
impacts from the No Action facilities need to be added to the incremental impacts from the storage or disposition
facilities to determine the impacts from total site operation. For example, to determine the radiological impact
for the addition of an AP600 reactor at NTS, the doses from No Action facilities have to be summed with the
AP600 reactor doses. Estimated annual atmospheric radioactive releases from the facilities associated with the
various alternative actions are given in Section M.2.3. Tables M.2.5-3 and M.2.5—4 include the radiological
impacts by alternative facility. There are no radioactive liquid releases to the offsite environment associated with
any alternative action.

The annual incremental doses associated with the different alternative facilities range from 2.7x10° to
0.034 mrem to the MEI and from 5.3x10 to 0.032 person-rem to the 80-km (50-mi) population in the year
2030. The associated health effects from annual operations are included in both tables.

Worker Doses and Health Effects. For the storage and disposition alternatives, the impacts from the No Action
facilities need to be added to the incremental impacts from the storage or disposition facilities to determine the
impacts from total site operation (refer to the worker discussion under No Action, above, and to

Table M.2.3.2-1).

M-38



Health and Safety

M.2.6 RADIOLOGICAL IMPACTS AT IDAHO NATIONAL ENGINEERING LABORATORY

This section presents the radiological impacts of various storage and disposition alternatives at INEL.
Section M.2.6.1 presents the radiological releases and resulting impacts from facilities associated with No
Action. Section M.2.6.2 presents the radiological releases and resulting impacts from the various alternatives.

For purposes of radiological impact modelling, INEL was divided into nine separate areas which would release
radioactivity in 2005. All release points in each area were aggregated into a single release point. Table M.2.6-1
presents the characteristics of each of the release points including location, release height, and minimum distance
to and annual average dispersion to the site boundary in each of the 16 directions. In order to calculate the maximum
site boundary dose (that is, the dose ultimately incurred to the site MEI), the dose from each release point to the
“maximum receptor” (that is, potential MEI) associated with each of the other release points has been calculated.
For further clarification on the definition of the “maximum receptor” refer to Section M.2.2.2. For example, the
dose resulting from releases from the Test Reactor Area, Argonne National Laboratory-West (ANL-W), Waste
Experimental Reduction Facility/Power Burst Facility Area, and the other storage and disposition alternatives, has
been determined for the maximum receptor from the Central Facilities Area. Figure M.2.6-1 illustrates the location
of each maximum receptor in relation to each release point. The maximum site boundary dose (that is, the dose
ultimately incurred to the site MEI) is then determined by the maximum dose to one of these maximum receptors.
Table M.2.6-2 presents the direction, distance, and atmospheric dispersion from each release point to each of the
maximum receptors. Annual radiological releases were assumed to remain constant during the full operational
period.

The population and food stuffs distributions centered on each release area are provided in a Health Risk Data
report, October 1996. The joint frequency distribution used for the dose assessment was based on the
meteorological measurements for the year 1986 from the GRID III tower at the 10-m (33-ft) height and is
contained in the Health Risk Data report.

Doses given in this section are associated with 1 year of operation because regulatory standards are given as
annual limits. The health effects are presented on an annual basis in the tables, and for the projected operational
period in the text. Tables M.2.6-3 and M.2.6-4 include the radiological impact to the public from atmospheric
releases for No Action and the storage and disposition alternatives.
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Table M.2.6-2. Direction, Distance, and Meteorological Dispersion to Various Maximum Individual
Receptors at the Idaho National Engineering Laboratory Site Boundary

Atmospheric
Dispersion
Direction Distance Chi/Q
Maximum Receptor For ' (m) (s/m?)
Release Point: SMC
SMC and TAN NE 14,481 1.1x10”7
TRA SSW 53,888 8.1x10°
ICPP SSW 52,249 8.4x107
LWR Site SSW 47,838 9.4x10™°
WERF SSW 47,497 9.5x10™
CFA SSW 49,319 9.0x10”°
RWMC SSW 52,487 8.3x10™
ANL-W S 35,376 9.6x10™°
Release Point: TAN
SMC and TAN NE 12,337 4.4x10°8
TRA SW 54,224 4.4x10°
ICPP SSW 52,464 3.8x10”
LWR Site SSW 47,566 4.2x107
WERF SSW 47,165 4.3x107°
CFA SSW 49,252 4.1x10°°
RWMC SSW 52,722 3.8x107
ANL-W S 34,503 3.7x107?
Release Point: TRA
SMC and TAN NE 48,269 6.4x10°°
TRA SW 18,299 1.2x10°8
ICPP SSW 16,796 9.4x10
LWR Site SSE 16,393 1.5x10°°
WERF SSE 16,850 1.5x10°
CFA S 15,549 5.2x10”?
RWMC SSW 16,992 9.3x10”?
ANL-W E 16,415 2.9x107°
Release Point: ICPP
SMC and TAN NE 48,292 6.4x107
TRA SW 18,395 1.2x10°8
ICPP SW 16,443 - 1.3x10%
LWR Site S 14,251 5.7x10™
WERF SSE 14,570 1.7x10°
CFA S 14,059 5.8x10™
RWMC SW 16,712 1.3x10°8
ANL-W E 23,906 3.2x107°
Release Point: LWR Site
SMC and TAN NNE 44,887 9.8x10°
TRA SW 22,811 2.6x108
ICPP SW 20,426 3.0x10®
LWR Site SSW 15,029 4.3x108
WERF S 14,873 3.0x10°8
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Table M.2.6-2. Direction, Distance, and Meteorological Dispersion to Various Maximum Individual
Receptors at the Idaho National Engineering Laboratory Site Boundary—Continued

Atmospheric
Dispersion
Direction Distance Chi/Q
Maximum Receptor For (m) (s:/m3)
CFA SSW 16,430 3.8x10°8
RWMC SW 20,771 2.9x108
ANL-W ESE 18,736 1.0x10°8
Release Point: WERF
SMC and TAN NNE 47,288 6.3x10°
TRA WSW 21,626 7.3x107
ICPP SW 18,954 2.3x10°8
LWR Site SSW 12,217 3.6x10°8
WERF SSW 11,938 3.8x10°8
CFA SW 14,170 3.3x108
RWMC SW 19,347 2.2x10°8
ANL-W E 17,626 1.4x10°8
Release Point: CFA
SMC and TAN NNE 51,824 8.2x107
TRA SW 15,468 4.3x108
ICPP SW 13,109 5.4x10°8
LWR Site SSE 10,331 1.6x108
WERF SSE 10,777 1.5x10°8
CFA SSW 10,021 7.5x108
RWMC SW 13,442 5.2x10°8
ANL-W E 23916 1.5x108
Release Point: RWMC
SMC and TAN NE 59,528 1.6x108
TRA SW 7,019 1.3x10°77
ICPP S 5,943 1.1x1077
LWR Site ESE 12,605 1.7x10°8
WERF ESE 13,761 1.5x10°8
CFA SE 8,791 1.4x108
RWMC SSW 6,004 1.6x1077
ANL-W E 32,468 1.0x10°8
Release Point: ANL-W
SMC and TAN N 38,094 6.8x10
TRA WSW 38,408 7.9x107°
ICPP WSW 35,484 8.7x10°°
LWR Site SW 25,870 1.5x10°8
WERF SW 24,903 1.5x10°8
CFA - -~ . WSW . 29,537 1.1x10°8
RWMC WSW 35,923 8.6x10°
ANL-W S 5,572 7.3x10°8

Note: WERF=Waste Experimental Reduction Facility; TAN=Test Area North; TRA=Test Reactor Area.
Source: HNUS 1996a.
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Health and Safety

M.2.6.1 No Action

Atmospheric Releases and Resulting Impacts to the Public. For No Action, eight of the nine areas have
radioactive releases to the atmosphere from normal operation. Table M.2.6.1-1 presents the estimated annual
atmospheric radioactive releases.

Tables M.2.6-3 and M.2.6—4 include the radiological impacts to the MEI and to the offsite population within 80
km (50 mi), respectively. The maximally exposed individual would receive an annual dose of 0.018 mrem. An
estimated fatal cancer risk of 4.4x10”" would result from 50 years of operation. The population within 80 km
(50 mi) would receive a dose of 2.4 person-rem in 2030 (mid-life of operation). An estimated 0.061 fatal cancers
could result from 50 years of operation.

'Liquid Releases and Resulting Impacts to the Public. There are no radioactive liquid releases to the offsite
environment associated with No Action. Therefore, there are no resulting impacts.

Worker Doses and Health Effects. Based on measured values during the time period of 1989 to 1992 (Twenty-
Second Annual Report Radiation Exposures for DOE and DOE Contractor Employees—1989 [DOE/EH-0286P]
and subsequent yearly data reports), the annual average radiation dose to a badged worker at INEL was calculated
to be 30 mrem. It is projected that in 2005 and beyond, there would be 7,337 badged workers involved in No Action
activities at INEL. The annual average radiation dose to these workers is assumed to remain at 30 mrem,; the annual
total radiation dose among all these workers would then equal 220 person-rem. From 50 years of operation, an
estimated fatal cancer risk of 6.0x10 would result to the average worker and 4.4 fatal cancers could result among
all workers.
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M.2.6.2 Storage and Disposition

Radioactive Releases and Resulting Impacts to the Public. For the storage and disposition alternatives, the
impacts from the No Action facilities need to be added to the changes in impacts from the storage or disposition
facilities to determine the impacts from total site operation. For example, to determine the radiological impact
for the addition of an AP600 reactor at INEL, the doses from No Action facilities have to be summed with the
AP600 reactor doses. Estimated annual atmospheric radioactive releases from the facilities associated with the
various alternative actions are given in Section M.2.3. Tables M.2.6-3 and M.2.6—4 include the radiological
impacts by alternative facility. There are no radioactive liquid releases to the offsite environment associated with
any alternative action.

The annual incremental doses associated with the different alternative facilities range from 3.4x107° to
0.078 mrem to the MEI and from 5.1x10°® to 9.6 person-rem to the 80-km (50-mi) population in 2030. The
associated health effects from annual operations are included in both tables.

Worker Doses and Health Effects. For the storage and disposition alternatives, the impacts from the No Action
facilities need to be added to the incremental impacts from the storage or disposition facilities to determine the
impacts from total site operations (refer to the worker discussion under No Action, above, and to
Table M.2.3.2-1).
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M.2.7 RADIOLOGICAL IMPACTS AT PANTEX PLANT

This section presents the radiological impacts of the various storage and disposition alternatives at Pantex.
Section M.2.7.1 presents the radiological releases and resulting impacts from facilities associated with No
Action. Section M.2.7.2 presents the radiological releases and resulting impacts from the various alternatives.

For purposes of radiological impact modeling, Pantex was divided into six areas which would release
radioactivity in 2005. All release points in each area were aggregated into a single release point. Table M.2.7-1
presents the characteristics of each of the release points including location, release height, and minimum
distance and annual average dispersion to the site boundary in each of 16 directions. In order to calculate the
maximum site boundary dose (that is, the dose ultimately incurred to the site MEI), the dose from each release
point to the “maximum receptor” (that is, potential MEI) associated with each of the other release points has
been calculated. For further clarification on the definition of “maximum receptor,” refer to Section M.2.2.2. For
example, the dose resulting from releases from Building 12-44 Cell 1 and the other storage and disposition
alternatives, has been determined from the maximum receptor from the Burning Ground. Figure M.2.7-1
illustrates the location of each maximum receptor in relation to each release point. The maximum site boundary
dose (that is, the dose ultimately incurred to the site MEI) is then determined by the maximum dose to one of
these maximum receptors. Table M.2.7-2 presents the distance, direction, and atmospheric dispersion from each
release point to each of the maximum receptors. Annual radiological releases were assumed to remain constant
during the full operational period.

Descriptions of population and food stuff distributions centered on each release area are provided in a Health
Risk Data report, October 1996. The joint frequency distribution used for the dose assessment was based on the
meteorological measurements for 1989 from the National Weather Service at the 10-m (33-ft) height and is
contained in the Health Risk Data report.

Doses given in this section are associated with 1 year of operation because regulatory standards are given as
annual limits. The health effects are presented on an annual basis in the tables and for the projected operational
period in the text. Tables M.2.7-3 and M.2.7—4 include the radiological impacts to the public from atmospheric
releases for the No Action and the storage and disposition alternatives.
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Table M.2.7-2. Direction, Distance, and Meteorological Dispersion to Various Maximum
Individual Receptors at the Pantex Plant Boundary

Direction Distance Atmospheric Dispersion
Maximum Receptor For (m) Chi/Q (s/m>)
Release Point: Bldg. 12-44 Cell 1
Bldg. 12-44 Cell 1 NE 1,831 3.6x107
HE Burning Ground NNW 5,728 5.9x108
Between Zone 11 and 12 NE 2,707 2.0x1077
Strategic Reserve NE 1,922 3.3x10™7
Immobilization Facility NNW 5315 6.5x10°8
LWR Site NW 6,695 4.7x10°8
Release Point: HE Burning Ground
Bldg. 12-44 Cell 1 SE 5,069 5.0x10°8
HE Burning Ground N 932 ' 1.7x10°®
Between Zone 11 and 12 ESE 4,424 4.7x10-8
Strategic Reserve SE 4,977 5.2x10°8
Immobilization Facility NE 1,544 4.5x107
LWR Site WNW 2,032 1.5x10°77
Release Point: Between Zone 11 and 12
Bldg. 12-44 Cell 1 E 2,218 2.2x1077
HE Burning Ground NNW 4817 8.1x10°8
Between Zone 11 and 12 NE 2,692 2.3x10-7
Strategic Reserve ENE 2,248 1.9x10°7
Immobilization Facility N 4,512 2.1x10°7
LWR Site NW 5,722 6.3x10°8
Release Point: Strategic Reserve
Bldg. 12-44 Cell 1 ENE 2,085 2.1x10™7
HE Burning Ground NNW 5,661 6.4x10°8
Between Zone 11 and 12 NE 2,905 2.1x10-7
Strategic Reserve NE 2,169 3.3x1077
Immobilization Facility N 5,307 1.7x1077
LWR Site NW . 6,564 5.2x10°8
Release Point: Immobilization Facility
Bldg. 12-44 Cell 1 ESE 3,098 8.7x10°8
HE Burning Ground NNW 2,896 1.7x10°7
Between Zone 11 and 12 E 2,733 1.6x10-7
Strategic Reserve ESE 3,029 9.0x108
Immobilization Facility N 2,614 4.8x107
LWR Site NW 4,009 1.0x1077
Release Point: LWR Site
Bldg. 12-44 Cell | ESE 6,344 3.1x108
HE Burning Ground NE 2,243 3.1x10”7
Between Zone 11 and 12 ESE 5,935 - 3.4x10-8
Strategic Reserve ESE 6,282 3.1x10°8
Immobilization Facility ENE 3.314 1.0x107
LWR Site N 1,380 1.4x10°6

Source: HNUS 1996a.
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M.2.7.1 No Action

Atmospheric Releases and Resulting Impacts to the Public. For No Action, two of the areas have radioactive
releases into the atmosphere from normal operation. Table M.2.7.1-1 presents the estimated annual atmospheric
radioactive releases for No Action.

Table M.2.7.1-1. Annual Atmospheric Radioactive Releases From Normal Operation of No Action at
Pantex Plant (curies)

Weapons Assembly/ Disassembly

High Explosive
Bldg. 12-44 Burning
Isotope Cell 1 Ground
Tritium (H-3) 0.16 0.14

Source: PX 1995a:1; PX DOE 1994a; PX DOE 1995d.

Tables M.2.7-3 and M.2.7-4 include the radiological impacts to the MEI and the offsite population within
80 km (50 mi), respectively. The MEI would receive an annual dose of 6.1x1 07> mrem. An estimated fatal cancer
risk of 1.5x10° would result from 50 years of operation. The population within 80 km (50 mi) would receive a
dose of 2.8x10™ person-rem in 2030 (mid-life of operation). An estimated 7.0x107° fatal cancers could result
from 50 years of operation.

Liquid Releases and Resulting Impacts to the Public. There are no radioactive liquid releases into the offsite
environment associated with No Action. Therefore, there are no resulting impacts.

Worker Doses and Health Effects. Based on measured values during the time period from 1989 to 1992 (Twenty-
Second Annual Report Radiation Exposure for DOE and DOE Contractor Employees—1989, DOE/EH-0286P)
and subsequent yearly dose reports), the annual average dose to a badged worker at Pantex was calculated to be
15 mrem. It is projected that in 2005 and beyond, there would be 1,400 badged workers involved in No Action
activities at Pantex (PX 1995a:1). The annual average dose to these workers was assumed to be 10 mrem; the
annual total dose among all these workers would then equal 14 person-rem. From 50 years of operation, an
estimated fatal cancer risk of 2.0x10 would result to the average worker and 0.28 fatal cancers could result
among all workers.

M.2.7.2 Storage and Disposition

Radioactive Releases and Resulting Impacts to the Public. Total site radiological impacts during operation
of storage or disposition facilities can be found by adding the impacts resulting from No Action facilities to the
changes in impacts resulting from the storage or disposition facilities. For example, to determine the
radiological impact for the addition of the AP600 reactor at Pantex, the No Action facilities doses have to be
summed with the AP600 reactor doses. Estimated annual atmospheric radioactive releases for the different
facilities are given in Section M.2.3. Tables M.2.7-3 and M.2.7-4 include the radiological impacts by
alternative. There are no radioactive liquid releases into the offsite environment associated with any alternative

action.

No change was reported in radioactive releases due to the upgrade of existing storage facilities for continued Pu
storage at Pantex above those radioactive releases already included in No Action. Therefore, there are no
changes in dose to the public from the upgrade of existing storage facilities at Pantex.

The annual doses associated with the different alternatives range from O to 1.5 mrem to the MEI and from O to
8.9 person-rem to the 80-km (50-mi) population in 2030. The associated health effects from annual operations

are included in both tables.
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Worker Doses and Health Effects. For the storage and disposition alternatives, the impacts from the No Action
facilities need to be added to the changes in impacts from the storage or disposition facilities to determine the
impacts from total site operations (refer to the worker discussion under No Action, above, and to Table
M.2.3.2-1).
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M.2.8 RADIOLOGICAL IMPACTS AT OAK RIDGE RESERVATION

This section presents the radiological impacts of the various storage and disposition alternatives at ORR. Section
M.2.8.1 presents the radiological releases and resulting impacts from facilities associated with No Action.
Section M.2.8.2 presents the radiological releases and resulting impacts from the various alternatives.

For purposes of radiological impact modeling, ORR was divided into seven separate areas which would release
radioactivity in 2005. All potential release points in each area were aggregated into a single release point.
Tables M.2.8-1 and M.2.8-2 present the characteristics of each of the release points including location, release
height, minimum distance, and annual average dispersion to the site boundary in each of 16 directions. In order
to calculate the maximum site boundary dose (that is, the dose ultimately incurred to the site MEI), the dose
from each release point to the “maximum receptor” (that is, potential MEI) associated with each of the other
release points has been calculated. For further clarification on the definition of the “maximum receptor,” refer
to Section M.2.2.2. For example, the dose resulting from releases from the Oak Ridge National Laboratory
(ORNL), Y-12 Plant (Y-12), High Flux Isotope Reactor Areas, and the other storage and disposition
alternatives, has been determined for the maximum receptor from the K-25 Site (K-25) incinerator. Figure
M.2.8-1 illustrates the location of each maximum receptor in relation to each release point. The maximum site
boundary dose (that is, the dose ultimately incurred to the site MEI) is then determined by the maximum dose
to one of those maximum receptors. Tables M.2.8-3 and M.2.8—4 present the distance, direction, and
atmospheric dispersion from each release point to each of the maximum receptors. Annual radiological releases
were assumed to remain constant during the full operational period.

Descriptions of population, foodstuffs distributions, and aquatic foods for each release area are provided in a
Health Risk Data report, October 1996. The joint frequency distributions used for the dose assessment were
based on 1990 meteorological measurements from five meteorological towers (Tower 1 for K-25, Tower 2 for
ORNL, Tower 4 for the High Flux Isotope Reactor and Radiochemical Engineering Development Center, Tower
5 for Y-12, and Tower 6 for the proposed Tritium Supply Site location) at the 10-m (33-ft) height and are
contained in the Health Risk Data report.

Doses given in this section are associated with 1 year of operation because regulatory standards are given as
annual limits. The health effects are presented on an annual basis in the tables and for the projected operational
period in the text. Tables M.2.8-5 through M.2.8-8 include the radiological impacts to the public from both
atmospheric release and from using the surface water for No Action and the storage and disposition alternatives.

M-60



Health and Safety

g-01Xv’6 006°¢ (01%¥9°C 9¢8°i g0IXL'b L9L'y , MNN
g-0¥X1°8 pLY'Y PRV R vLE'T g-01%6'¢ 88L'Y MN
g-01%8’¢ L9T'L PRURYA SLL'T g-OIXL'Y 66TV MNM
g-01XSy LL9'8 PRVIRS I 009°€ g-01X9°¢ 00L'S M
(-01%9°¢ Ove'S (-01%6'S 68T O1X1°¢C L6V MSA
JEURS N 0SL'e (-01%9°C L68'E o-01X1°] £06'C MS
PRUIRS A TSLE (O1X8Y €0e'e OIXTE 168°¢ MSS
JAURYAN 96T’y (OIX1'9 yiv'e g-OIXL'8 LIY'E S
(-01X0°¢C L9tV (01X0°v €I1ET g-01X1°9 8SS'E gsS§
101X6°C 620y (OXT1 1£6'y g-01X69 006°S EN
(01%6°1 06¢'Y g-01%X1'9 £9'6 JRIRYA 78L9 454
PRV RS Lee'y JEVRIN LoL'6 JEVIRS R 9089 4
(101Xvy SE6'E (O1X8% £€9'Y -01%X6°C v6v'6 dNd
1-01¥0°C (419} (01¥0°S 09¢'y (01XT9 vI9'y , aN
PRVIRS N TL8'S FRURIA 616°c (-O1%8°S 966°C _ HNN
01X1'e 81Ty PEURYA LEO'E (-01XTT 00Z°€ | N
() (gw/s) (w) (cu/s) (w) ,uondai(
dueysiq Oonud uesiq Onu ue)siq
A1epunog 331§ e uolisiadsi(g >uaydsounyy pue adue)si(q _ .
[2A37] punoin ]9A97] punol1n) [2A97] punoin Y313y aseapy
+086°66.81.18- WI6LVS.TTob8- «$S8°6S.0¢.¥8- apm3uor]
W691°6€,5605¢€ WYY E1.9605¢ W6E1°66.56.5¢ | apmye]
01-X ST Anpoey] uonezipiqowu] eIUI0d 3SEIPY
(3115 403003y 4apaaLg 441y You) ays fo adouasalg oy )
Livpunog uonyvaiasay aspry yp(Q ayj v O/1Y) puv duvisyq ‘UONIALN( ‘SINISIIIDIDY)) JUI0g ISVIIY ‘[-8°T W 2198L

M-61



£9661 SNINH :921n0g
‘sjurod ases[ar Jo uoneso| Joj [-§¢ W n3ig 208 |

o-01X171 TLL JEURSN 86L (O1XL 619 MNN
(01x8°L 108 (-01%X99 98 JEULTAY 889 MN
PEURSAY 126 (O1X¥'9 vL6 -01X8% 018 MNM
(OIXL'S 6VvE'l 9-01XT’1 0LE'] (O1XE'S 7801 M
01x8°¢ 90¢°€ (OIXE’L €EL'E (01X 1494% MSM
OIxXL 10601 (-01%9°1 T09'11 g-01X8°¢ TL81T MS
g-01%X6°L 9850l g-0IXL’S £95°6 g-01XC'L 685°6 MSS
3-01X9°9 001y g-01%6'8 e’y (-01%6°1 89y S
3-01X9°p LTV JEURYA 0LS'E 01Xe’l 9TL'E 4SS
JEURS A 61L'E g-01Xt’S £99°¢ LO1X1°e 6C€'C a8
JEURS A4 LE]'T (-01X0°C 89T°C (-01X8°C £87°C asa
(01XT'S 0L6C JEIIR 4 S9LT PEOIRS A £96°'C |
o-01%¢’1 96€°€ PEUIRSN 1£9'T 01%¥9°9 09¢°C : 4Nd
o-01%0°¢ €89°I 9-01%91 7861 (-01X8°6 819°1 3N
o-0IXI'E z80°t 9-01XT't 0L0'1 o-01X0°1 6L8 HNN
9-0IX1'T 6¢8 g-01%6’1 vZ8 (OIXLL SL9 , N
w/s) (u) (/s (w) (;wrs) (w) uonsang
oo oueisiq o duesiq ono Ruesiq
A1epunog g e uoisaadsiq swdydsounyy pue duesi(q
[9A97] punoin [9A27 PUnOID w ooz 'IY31a aseapdy
JSYTEL9118- WSTL'EP.SIob8- «887°8€.S1.78- , apmi3uor]
+$0T°06.85.5€ WIL965.5¢ W60%'8.65.5€ ,_ apmne]
uoIsIAU0))/A|quuassesi(] Id uonediqeq Png XON X L0 ISEIY

Storage and Disposition of Weapons-Usable

Fissile Materials Final PEIS

panunuo)—(aj1S 403003y 13paag 4341 Youi?) ayj fo 20uasaig NOYNIM )
Kivpunog uonyvatasay a3pry ¥y ay1 v H/1y) puv 2ouvisiq ‘UOIN(T ‘SANSI43)IVIVY) JUI0d ISVIY  [-8°T W 219vL

M-62



Health and Safety

g-01%v°6 006'€ L-01%9C gs8’l g-01XL'Y 69L'Y PRI A oL MNN
g-01X1'8 09v'y (OIxe’t SSET g-01%6'¢ L8LY g-01X87] SSL MN
g-01X8’¢ 6ST'L OIXTl 8LT g-01XL'¥ v6T'y g-01XT’l 12 MNM
g-01XSv LL9'8 (O1X1°C 819°¢ - g 01¥9°¢ 00L's 9-01X9°[ 6t6 M
(-01%X9°C ove's L01%6'S 768°C 1-01%6°1 6LT'S g-0IXS'y L68 MSM
(O1%6'¢ veEL'Y (01%¥9C L68E g-01XT°1 £06°C 90IX6'¢ 866 MS
(01XTC 956'¢ PRVIRSS 4 9th'e (01%0°¢ 000't (OIXTL €98°1 MSS
(01%9°1 €8y (-0IX1°9 81¥'T g-0IXS’L 88LE PEURIEY 123 N4 S
(-01%6°1 98’y O1X0'% 90£C g-01%6'Yy 180°Y 9 01XE’T 6L6 dsSs
(01XTT S8e'y (01X0°1 630°S g-0IXL'9 LLO'9 PRURS A 0¢e8 as
JRUR YA LOL'Y g-01X8’S L86'6 PRORSN €E1L g-01%S°C 868 as3
(01%0°C £98'y g-01%9'6 L1801 (01XT] LT8'L 1-01%8°9 1L1°C g
(01%6C ] MY OIX8p 14304 0IXL'e £68°6 g-01XS6 1wl dNd
1-01X0°C TIS'8 (-01%0°S 29’y (01XT9 99y 101X0C 444 dN
10I¥eT (43:4Y JEURIAY 9¢6'¢ (OIX8'S $66'C g-0IXLC 6021 ANN
(01X1°¢ 90T'Y (O1XL] 1$0°€ (-01XTT 661°¢ 9-01%SC 0t6 N
(/) (w) (G/s) (w) D) (w) ) (w) uonAq
oMo uesiq oD ueysiq o aauelsi(q o aduesiq
Ksepunog ang e uorsiadsi(] daaydsouny pue due)si(g

12497 punoin [9A27] punoin [9A9] punoi1n ]2A97] puno1n 31 asedpay

4086°6S.81,¥8- w96L VSTV «§68°66.02,18- wIL9'SP.TTob 8- apnji3uo]

W691°6£.5S05€ wPPP 1,965 W6E1'66.5505¢ WLET'6.75oSE apmnye]

oI-X ST-A Anoe uonezijiqowwy NS AMT gIUI0( 3sea[ay

(2115 4030D3Y 42P3aLg 4241y YIuUll) Y} fo 3dUISIL] YIIA)
Lippunog uoyvatasay aSpy yvQ ay1 1w /1Y) puv IuvISIY ‘UOYIAA(T ‘SINYSIIIIVIDY)) JU10] ISDIJY  ‘7T-8°C W 198L

M-63



Storage and Disposition of Weapons-Usable

Fissile Materials Final PEIS

‘89661 SMINH :221nog

'siutod 3se2j01 JO UONEIO] J0] [-§°Z N 2nd1 208

g-01X1°] ELL 01%0'6 S08 (O1XI°L 179 MNN
(-01%0°8 S6L (-01%$9 898 PEURYAY L89 MN
(-01%69 116 (-01%9°9 £96 (O1X6'v t08 MNM
(O1X6'S LT o-01XT'1 €5e’l PEURINY L90'1 M
PEURE: 0gE't JRURI A TIL'e JRUIRS A4 €EP'E MSM
(-01X9°1 OIE'l1 1 O1XS°1 868°1I g-0IXL'E 181°¢l MS
g-01XT'L 20601 g 01Xv'd 12240 g-01X6’S EIL'1 MSS
g-01X9v £61°C g-01X0°L L6l'S (01Xl XA S
g-01X9°¢ r10°S g-01XS'6 ¢80'v 01X 67T’y RN
(OIXI1 1T’y g OIXb'y STy FRUIRS 4 0ze'e EN
PEUR A4 144X (01%0°C €LTT (01%8C 98T°C HSH
PRURIAY 8L6T 01Xv'8 TLL'T (O1X6°¢ 9€6'T q
9-01XE’1 08¢°€ (01Xe’8 859C (01%9°9 14294 HNd
9-01X0't 869°I g-01%S°[ 000'C (-01%XL°6 6£9°1 4N
9 0IXI't L90°1 o-0IXI't L80'l 9-01%0°1 L68 4NN
9-01X1'C 978 g-01%6'1 178 01%6°L LS9 N
((w/s) (w) (Qu/s) ) (W) (w) uonsanq
Oonu auessiq O Nuesiq oM auesiq
Axepunog ag e uoistadsi(q srydsouny pue asueysiq

[2A9] punoIn [9A97] punoin w Qg WYS1Y IsedpPy
WWYTEL91.18" wSTL'EVS1ob8- «881'8E.S1oV8- apmyiduor]
«¥0T0S,8S.5¢ W9L9",65.5€ w60V'8.65.5€ pmne]
uoISIAu0))/Ajquuassesi(f Nd uoneduqeq Pnjg XON -k LHUI0d Iseapdy

panuyuo)—(ass 401903) 1apaalg 1241y Youiy) ays fo aIuasag yim )
Livpunog uoyvasasay aSp1y yvQ ays v O/1Y) pup WUvISI U0 ‘SISIIIIDIVY)) JUI0] 3SV3JdY  ‘T—8°T'IW 2190

M-64



Storage and Disposition of Weapons-Usable
Fissile Materials Final PEIS

Table M.2.8-3. Direction, Distance, and Meteorological Dispersion to Various Maximum
Individual Receptors at the Oak Ridge Reservation Site Boundary
(Without Presence of the Clinch River Breeder Reactor Site)

Atmospheric
Dispersion
Direction Distance Chv/Q
Maximum Receptor For (m) (s/'m3)
Release Point: Immobilization
Immobilization Facility Sw 2,903 1.1x10®
K-25 SW 3,189 9.7x1077
X-10 SSE 3,582 6.0x10°8
Y-12 NE 10,548 1.9x10°7
MOX Fuel Fabrication NE 10,449 1.9x10”7
Pit Disassembly/Conversion NE 9,699 2.1x1077
Release Point: K-25 ,
Immobilization Facility SSE 2,315 4.0x10”7
K-25 S 2,415 6.1x107
X-10 SE 5,421 9.3x10°8
Y-12 ENE 12,739 1.1x1077
MOX Fuel Fabrication ENE 12,639 1.1x107
Pit Disassembly/Conversion ENE 11,863 1.2x1077
Release Point: X-10
Immobilization Facility WSw 5,468 2.5x1077
K-25 WSW 5,735 2.3x1077
X-10 SW 3,750 4.5x1077
Y-12 NNE 8,933 1.2x10”7
MOX Fuel Fabrication NNE 8,842 1.3x1077
Pit Disassembly/Conversion NNE 8,184 1.4x1077
Release Point: Y-12
Immobilization Facility SwW 12,769 3.4x10°8
K-25 SwW 13,055 3.3x10°8
X-10 SW 11,875 3.8x10°8
Y-12 NNE 879 1.0x10°6
MOX Fuel Fabrication N 812 6.4x10°77
Pit Disassembly/Conversion Nw 772 4.5x107
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Table M.2.8-3. Direction, Distance, and Meteorological Dispersiop to Various Maximum
Individual Receptors at the Oak Ridge Reservation Site Boundary
(Without Presence of the Clinch River Breeder Reactor Site)—Continued

Atmospheric
Dispersion
Direction Distance Chi/Q
Maximum Receptor For (m) (s/m3)
Release Point: MOX Fuel

Fabrication Facility

Immobilization Facility SwW 12,523 1.4x1077

K-25 SW 12,809 1.4x1077

X-10 SW 11,606 1.6x1077

Y-12 NN 1,143 2.8x10®

MOX Fuel Fabrication NNE 1,071 3.1x10°

Pit Disassembly/Conversion NwW 863 6.6x1077

Release Point: Pit Disassembly/

Conversion

Immobilization Facility SwW 11,735 1.5x1077

K-25 SW 12,021 1.5x1077

X-10 SW 10,902 1.7x1077

Y-12 NE 1,776 2.7x10
"MOX Fuel Fabrication NE 1,683 3.0x10°°

Pit Disassembly/Conversion NNE 1,083 3.1x10®

Source: HNUS 1996a.
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Table M.2.8—4. Direction, Distance, and Meteorological Dispersion to Various Maximum
Individual Receptors at the Oak Ridge Reservation Site Boundary
(With Presence of the Clinch River Breeder Reactor Site)

Atmospheric
Dispersion
Direction Distance Chi/Q
Maximum Receptor For (m) (s/m*)
Release Point: LWR Site
LWR Site WSW 897 4.5x10°
Immobilization Facility NNE 1,728 1.5x10°°
K-25 N 1,518 1.1x10°6
X-10 E 3,420 3.4x1077
Y-12 NE 14,878 9.2x10°8
MOX Fuel Fabrication NE 14,780 9.2x108
Pit Disassembly/Conversion NE 13,996 1.0x1077
Release Point: Immobilization
LWR Site SSW 4,244 2.8x1077
Immobilization Facility SW 2,903 1.1x10°6
K-25 SW 3,198 9.7x10”7
X-10 S 4,027 6.8x108
Y-12 NE 10,571 1.9x1077
MOX Fuel Fabrication NE 10,472 1.9x107
Pit Disassembly/Conversion NE 9,674 2.2x10°7
Release Point: K-25 TSCA
Incinerator
LWR Site S 14,244 2.6x1077
Immobilization Facility SSE 2,306 4.0x10”7
K-25 S 2,419 6.1x1077
X-10 SE 5,747 8.5x10°8
Y-12 ENE 12,761 1.1x107
MOX Fuel Fabrication - ENE 12,663 1.1x1077
Pit Disassembly/Conversion ENE 11,836 1.3x1077
Release Point: X-10 (ORNL)
LWR Site WSW 7,297 1.6x10”7
Immobilization Facility WSW 5471 2.5x10°
K-25 WSW 5,743 . 2.3x10°7
X-10 SW 4,135 3.9x107’
Y-12 NNE 8,956 1.2x1077
MOX Fuel Fabrication NNE 8,863 1.3x1077
Pit Disassembly/Conversion NNE 8,163 1.4x1077
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Table M.2.8—4. Direction, Distance, and Meteorological Dispersion to Various Maximum
Individual Receptors at the Oak Ridge Reservation Site Boundary
(With Presence of the Clinch River Breeder Reactor Site)—Continued

Atmospheric
Dispersion
Direction Distance Chi/Q
Maximum Receptor For (m) (s/m>)
Release Point: Y~12
LWR Site SW 14,978 2.8x10°8
Immobilization Facility Sw 12,769 3.4x10°8
K-25 SW 13,064 3.3x10°8
X-10 SW 12,259 3.6x108
Y-12 NNE 898 1.0x10°
MOX Fuel Fabrication N 827 6.2x1077
Pit Disassembly/Conversion Nw 785 4.4x107
Release Point: MOX Fuel
Fabrication Facility
LWR Site SW 14,726 1.1x107
Immobilization Facility Sw 12,523 1.4x107
K-25 SW 12,818 1.4x1077
X-10 SW 11,989 1.5x1077
Y-12 NNE 1,163 2.7x10°°
MOX Fuel Fabrication NNE 1,087 3.1x10®
Pit Disassembly/Conversion NW 868 6.5x10”7
Release Point: Pit Disassembly/
Conversion
LWR Site SW 13,950 1.2x10”7
Immobilization Facility SW 11,735 1.5x10”7
K-25 SW 12,030 1.5x10”7
X-10 SSW 11,293 6.9x10”7
Y-12 NE 1,798 2.7x10°¢
MOX Fuel Fabrication NE 1,705 2.9x10
Pit Disassembly/Conversion NNE 1,067 3.1x10°

Source: HNUS 1996a.
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Doses given in this section are associated with 1 year of operation because regulatory standards are given as
annual limits. The health effects are presented on an annual basis in the tables and for the projected operational

period in the test.
M.2.8.1 No Action

Atmospheric Releases and Resulting Impacts to the Public. For No Action, three of the five areas have
radioactive releases into the atmosphere from normal operation. Table M.2.8.1-1 presents the estimated annual
atmospheric radioactive releases.

Tables M.2.8-5 and M.2.8-6 include the atmospheric radiological impacts to the maximally exposed
member of the public and the offsite population within 80 km (50 mi), respectively. The maximally exposed
individual would receive an annual dose of 1.5 mrem. An estimated fatal cancer risk of 3.7x107 would result
from 50 years of operation. The population within 80 km (50 mi) would receive a dose of 29 person-rem in
2030 (midlife of operation). An estimated 0.73 fatal cancers could result from 50 years of operation.

Liquid Releases and Resulting Impacts to the Public. For No Action, two of the five areas have radioactive
releases to the offsite surface water from normal operation. Table M.2.8.1-2 presents the estimated annual liquid
radioactive releases.

Tables M.2.8-7 and M.2.8-8 include the radiological impacts to the maximally exposed individual and the
offsite populations using surface water within 80 km (50 mi) downstream of ORR, respectively. The
maximally exposed member of the public would receive an annual dose of 1.7 mrem. An estimated fatal
cancer risk of 4.3x107 would result from 50 years of operation. The population would receive a dose of
4.7 person-rem in 2030. An estimated 0.12 fatal cancers could result from 50 years of operation.

Worker Doses and Health Effects. Based on measured values during 1991 and 1992 (Dose Reports for 1991
and 1992), it is estimated that the average dose to a badged worker involved in No Action activities at ORR in
2005 and beyond would equal 2.6 mrem. It is projected that in 2005 and beyond, there would be 17,215 badged
workers involved in No Action activities. The annual dose among all these workers would equal 44 person-rem.
From 50 years of operation, an estimated fatal cancer risk of 5.2x10 would result to the average worker and
0.88 fatal cancers could result among all workers.

M-74



Health and Safety

Table M.2.8.1-1. Annual Atmospheric Radioactive Releases From Normal Operation of No Action at Oak

Ridge Reservation (curies)

No Action
Isotope K-25 X-10 Y-12 HEU Storage®

H-3 0 2.4x10% 0 0
Be-7 0 3.8x10™ 0 0
K-40 4.0x102 0 0 0
Ar-41 0 1.8x10° 0 0
Co-57 1.2x10°* 0 0 0
Co-60 4.4x10°3 2.6x10° 0 0
Sr-90 0 3.8x10* 0 0
Tc-99 0.12 0 0 0
Ru-106 4.5x10°3 0 0 0
Cd-109 7.6x1073 0 0 0
I-129 0 2.5x10 0 0
1-130 0 5.5x107 0 0
I-131 0 5.3x102 0 0
I-132 0 0.93 0 0
1-133 0 0.20 0 0
I-135 0 0.47 0 0
Xe-135 0 5.0x10" 0 0
Xe-138 0 7.1x10! 0 0
Cs-134 0 5.2x1077 0 0
Cs-137 5.0x107 5.1x10™ 0 0
Cs-138 0 7.1x10! 0 0
Ba-140 0 49x10™* 0 0
Ce-141 2.0x104 0 0 0
Eu-152 0 1.7x10°® 0 0
Eu-154 0 2.5x10°6 0 0
Eu-155 0 5.2x10°® 0 0
Os-191 0 0.17 0 0
Pb-212 0 0.37 0 0
Th-228 3.8x10™ 1.5x10°° 0 0
Th-230 5.9x10 5.7x10°8 0 0
Th-232 1.1x10* 3.3x10°8 0 0
Th-234 1.8x102 0 0 0

U-234 4.0x10°3 8.7x10°® 4.7x102 4.7x10°3

U-235 1.8x107* 4.7x1077 1.5x1073 1.5x10°®

U-236 0 0 1.9x10™ 1.9x1077

U-238 4.2x10°3 2.8x107 6.5x10°3 6.5x10
Np-237 5.7x104 0 0 0
Pu-238 2.5x10™ 2.8x10° 0 0
© Pu239 - 5.7x10°° 8.0x10°6 0 0
Am-241 0 4.6x10° 0 0
Cm-244 0 7.3x107 0 0

2 No Action HEU storage release is assumed equal to 0.001 of Y-12 releases.

Source: OR DOE 199%94c.

M-75



Storage and Disposition of Weapons-Usable
Fissile Materials Final PEIS

Table M.2.8.1-2. Annual Liquid Releases From Normal Operation of No Action
at Oak Ridge Reservation (curies)

Isotope K-25 X-10
H-3 0 1.8x1073
K-40 0.019 0
Co-60 0 0.55
Sr-90 0 6.7
Tc-99 0.030 0
Ru-106 0.038 0
Cs-137 1.2x10°3 0.018
Ce-143 0.20 0.040
Th-228 0.20 0
Th-230 2.4x107 0
Th-234 0.036 0
U-234 7.7x1073 9.5x10™
U-235 0.014 0.056
U-236 5.8x10™* 0
U-238 6.0x1073 4.5
Np-237 1.2x1073 0
Pu-238 1.6x10™ 0

Source: OR DOE 199%4c.

M.2.8.2 Storage and Disposition

Atmospheric Releases and Resulting Impacts to the Public. Total site radiological impacts during operation of
storage or disposition facilities can be found by adding the impacts resulting from No Action facilities to the
incremental impacts resulting from storage or disposition facilities. For example, to determine the radiological impact
for the addition of the AP600 reactor at ORR, the No Action facilities doses would be summed with the AP600 reactor
doses. Estimated annual atmospheric radioactive releases for the storage and disposition facilities are given in Section
M.2.3. Tables M.2.8-5 and M.2.8-6 present the atmospheric radiological impacts by alternative facility.

The annual dose associated with the different alternative facilities range from 9.4x10°8 to 4.8 mrem to the
maximally exposed member of the public and from 1.8x1010 5.1 person-rem to the 80-km (50 mi) population
in the year 2030. The associated health effects from annual operations are included in both tables.

Liquid Releases and Resulting Impacts to the Public. There are two disposition technologies that would
release liquid discharges to the surface water surrounding ORR. These are the large and small evolutionary
Advanced LWRs. The liquid releases for these technologies are given in Section M.2.3. As an example of
determining the total site liquid radiological impact associated with the addition of an AP600 reactor at ORR,
the No Action liquid doses must be summed with the AP600 reactor liquid doses. Tables M.2.8-7 and M.2.8-8
present the liquid radiological impacts for the applicable alternative facilities.

"~ No change was reported in liquid radioactive releases due to the upgraded or new HEU storage facilities for
continued HEU storage at ORR above those radioactive releases already included in No Action. Therefore, there
are no changes in dose to the public from the upgraded or new HEU storage facilities at ORR.

The annual incremental doses associated with the different LWR’s that have liquid releases range from 0.060 to 0.54
mrem to the maximally exposed member of the public, and range from 0.078 to 0.50 person-rem to the downstream
population in 2030. The associated health effects from annual operations are included in both tables.
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Worker Doses and Health Effects. For the storage and disposition alternatives, the impacts from the No Action
facilities need to be added to the changes in impacts from the storage or disposition facilities to determine the
impacts from total site operations, refer to the worker discussion under No Action, above, and to Table
M.2.3.2-1).

M-77



Storage and Disposition of Weapons-Usable
Fissile Materials Final PEIS

M.2.9 RADIOLOGICAL IMPACTS AT SAVANNAH RIVER SITE

This section presents the radiological impacts of the various storage and disposition alternatives at SRS. Section
M.2.9.1 presents the radiological releases and resulting impacts from facilities associated with No Action.
Section M.2.9.2 presents the radiological releases and resulting impacts from the various alternatives.

For purposes of radiological impact modeling, SRS was divided into thirteen separate areas which would release
radioactivity in 2005. All potential release points in each area were aggregated into a single release point. Table
M.2.9-1 presents the characteristics of each of the release points including location, release height, and
minimum distance and annual average dispersion to the site boundary in each of 16 directions. In order to
calculate the maximum site boundary dose (that is, the dose ultimately incurred to the site MEI), the dose from
each release point to the “maximum receptor” (that is, potential MEI) associated with each of the other release
points has been calculated. For example, the dose resulting from releases from F-, H-, S-Areas, the K- and L-
Reactors and other storage and disposition alternatives, has been determined for the maximum receptor from
the Savannah River Technology Center Laboratory in A-Area. Figure M.2.9-1 illustrates the location of each
maximum receptor in relation to each release point. The maximum site boundary dose (that is, the dose
ultimately incurred to the site MEI) is then determined by the maximum dose to one of these maximum
receptors. Table M.2.9-2 presents the direction, distance, and atmospheric dispersion from each release point to
each of the maximum receptors. For further clarification on the definition of the “maximum receptor,” refer to
Section M.2.2.2. Annual radiological releases were assumed to remain constant during the full operational
period.

Descriptions of population and foodstuffs distributions centered on each release area are provided in a Health
Risk Data report, October, 1996. The joint frequency distribution used for the dose assessment was based on the
meteorological measurements for 1985 from the meteorological tower at SRS at the 61-m (201-ft) height and is
contained in the Health Risk Data report.

Doses given in this section are associated with 1 year of operation because regulatory standards are given as
annual limits. The health effects are presented on an annual basis in the tables and for the projected operational
period in the text. Tables M.2.9-3 through M.2.9-6 include the radiological impacts to the public from both
atmospheric releases and from using the surface water for No Action and the storage and disposition

alternatives.
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Table M.2.9-2. Direction, Distance, and Meteorological Dispersion to Various Maximum Individual
Receptors at the Savannah River Site Boundary

Atmospheric Dispersion

Direction Distance Chi/Q
Maximum Receptor For (m) (s/m3)
Release Point: A-Area
A-Area and M-Area N 1,896 7.3x10°7
HEU Storage and S-Area ESE 23,860 5.4x10°8
C-Area SSW 14,089 5.6x10°8
D-Area and K-Area S 15,711 3.3x10°8
LWR Site and MOX Fuel Fab : ESE 24,185 5.3x10°8
F-Area SSwW 8,869 9.9x10°8
H-Area ESE 24,206 5.3x10°8
L-Area SE 28,504 2.4x108
P-Area ESE 24,607 5.2x10°8
Release Point: HEU Storage
A-Area and M-Area WNW 13,188 1.5x10°7
HEU Storage and S-Area E 12,267 3.4x1077
C-Area WSW 16,571 1.7x107
D-Area and K-Area SW 16,844 1.4x10°7
LWR Site and MOX Fuel Fab ESE 12,193 2.4x107
F-Area w 15,195 1.6x10°7
H-Area ESE 12,254 2.4x10"7
L-Area SE 16,820 9.1x10°8
P-Area ESE 12,637 2.3x1077
Release Point: C-Area
A-Area and M-Area NNW 13,204 2.6x10°8
HEU Storage and S-Area ENE 18.313 4.5x10°8
C-Area - WSW 9,273 7.7x10°8
D-Area and K-Area SW 9,345 6.9x10°8
LWR Site and MOX Fuel Fab E 16,526 5.7x10°8
F-Area WNW 9,583 4.7x108
H-Area E 17,287 5.4x10°8
L-Area ESE 19,141 3.5x10°8
P-Area E 16,599 5.6x10°8
Release Point: D-Area
A-Area and M-Area N 16,816 1.0x107
HEU Storage and S-Area ENE 25,191 : 9.4x10°8
C-Area WNW 3,112 8.0x1077
D-Area and K-Area WSW 1,991 2.3x10®
LWR Site and MOX Fuel Fab ENE 22,651 1.1x10”7
F-Area NNW 7,949 1.8x1077
H-Area ENE 23,721 1.0x1077
L-Area E 23,820 1.1x107
 P-Area. .. o . o E 22,520 1.2x10”7
Release Point: LWR Site Co : :
A-Area and M-Area NwW 14,555 1.0x1077
HEU Storage and S-Area ENE 14,510 2.4x1077
C-Area WSW 13,026 2.3x107
D-Area and K-Area WSW 12917 2.4x10°7
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Table M.2.9-2. Direction, Distance, and Meteorological Dispersion to Various Maximum Individual
Receptors at the Savannah River Site Boundary—Continued

Atmospheric Dispersion

Direction Distance Chi/Q
Maximum Receptor For (m) (s/m3 )
LWR Site and MOX Fuel Fab E 12,855 3.2x10°7
F-Area w 13,125 1.9x1077
H-Area E 13,531 3.0x1077
L-Area ESE 16,000 1.7x1077
P-Area E 12,995 3.2x107
Release Point: F-Area
A-Area and M-Area NW 9,759 3.5x10°8
HEU Storage and S-Area E 17,703 5.3x10°8
C-Area SW 11,589 5.5x108
D-Area and K-Area SW 12,260 5.2x10°8
LWR Site and MOX Fuel Fab ESE 16,985 4.0x108
F-Area . WSW 9,646 7.4x10°8
H-Area E 17,349 5.4x10°%
L-Area ESE 20,708 3.2x10°8
P-Area ESE 17,266 3.9x108
Release Point: MOX Fuel Fab
A-Area and M-Area NwW 19,432 6.9x108
HEU Storage and S-Area ENE 10,158 3.9x10”7
C-Area w 17,750 1.3x107
D-Area and K-Area WSW 17,210 1.6x107
LWR Site and MOX Fuel Fab E 7,538 6.7x10°77
F-Area w 18,577 1.2x1077
H-Area ENE 7,502 5.9x1077
L-Area ESE 10,573 3.0x10”7
P-Area E 7,565 6.6x1077
Release Point: H-Area
A-Area and M-Area NW 12,076 2.8x10°8
HEU Storage and S-Area E 14,356 6.6x10°®
C-Area WSW 14,239 5.0x10°8
D-Area and K-Area SW 14,567 4.3x108
LWR Site and MOX Fuel Fab ESE 13,766 4.9x108
F-Area w 12,939 4.3x108
H-Area E 14,047 6.7x10°8
L-Area SE 17,852 1.9x10°8
P-Area ESE 14,102 4.8x10°8
Release Point: K-Area
A-Area and M-Area NNW 17,560 - 2.0x10°8
HEU Storage and S-Area ENE 18,629 4.5x10°8
C-Area w 9,755 5.8x108
D-Area and K-Area w 8,871 6.3x108
LWR Site and MOX Fuel Fab ENE 15,793 : 5.3x10°8
F-Area WNW 12,336 3.6x108
H-Area ENE 16,942 49x108
L-Area E 17,014 5.5x108
P-Area ' E 15,629 6.0x10°®
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Table M.2.9-2. Direction, Distance, and Meteorological Dispersion to Various Maximum Individual
Receptors at the Savannah River Site Boundary—Continued

Atmospheric Dispersion

Direction Distance Chi/Q
Maximum Receptor For (m) (s/m3)
Release Point: L-Area
A-Area and M-Area NNW 19,433 1.8x10°8
HEU Storage and S-Area NE 15,504 4.3x108
C-Area w 13,455 4.2x10°8
D-Area and K-Area w 12,529 4.5x10°8
LWR Site and MOX Fuel Fab ENE 12,290 6.8x10°8
F-Area WNW 15,677 2.8x10°8
H-Area ENE 13,557 6.2x10°8
L-Area E 13,327 7.1x10°8
P-Area ENE 12,058 7.0x10°8
Release Point: M-Area
A-Area and M-Area N 2,078 2.3x100
HEU Storage and S-Area ESE 24,035 9.8x10°8
C-Area SSW 13,829 1.1x10°7
D-Area and K-Area S 15,468 6.8x108
LWR Site and MOX Fuel Fab ESE 24,305 9.6x10°8
F-Area SSW 8,574 2.2x107
H-Area ESE 24,347 9.6x108
L-Area SE 28,576 4.5x10°8
P-Area ESE 24,719 9.4x10°8
Release Point: P-Area
A-Area and M-Area NW 20,454 1.6x10°8
HEU Storage and S-Area NE 11,137 6.0x108
C-Area w 17,456 3.2x10°8
D-Area and K-Area w 16,737 3.3x10°8
LWR Site and MOX Fuel Fab ENE 7915 1.0x1077
F-Area WNW 18,800 2.3x10°8
H-Area ENE 9,137 9.1x10°8
L-Area ESE 9,953 6.8x10°8
P-Area E 7,758 1.2x10°7
Release Point: S-Area
A-Area and M-Area NW 11,264 1.4x1077
HEU Storage and S-Area E 14,623 2.7x10”7
C-Area SW 14,591 1.7x1077
D-Area and K-Area SW 15,046 1.6x107
LWR Site and MOX Fuel Fab ESE 14,336 1.9x10”7
F-Area WSW 12,875 2.4x107
H-Area ESE 14,510 1.9x10°7
L-Area o S 18,625 8.0x108
P-Area_ ... . . - S ESE . 14,719 1.9x107

Source: HNUS 1996a.
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M.2.9.1 No Action

Atmospheric Releases and Resulting Impacts to the Public. For No Action, all of the areas have
radioactive releases in to the atmosphere from normal operation. Table M.2.9.1-1 presents the estimated
annual atmospheric radioactive releases.

Tables M.2.9-3 and M.2.9-4 include the atmospheric radiological impacts to the maximally exposed member
of the public and the offsite population within 80 km (50 mi), respectively. The MEI would receive an annual
dose of 0.42 mrem. An estimated fatal cancer risk of 1.1x10™> would result from 50 years of operation. The
population within 80 km (50 mi) would receive a dose of 40 person-rem in 2030 (midlife of operation). An
estimated 1.0 fatal cancers would result from 50 years of operation.

Liquid Releases and Resulting Impacts to the Public. For No Action, some areas may have radioactive
releases to the offsite surface water from normal operation. Table M.2.9.1-2 presents the estimated annual
liquid radioactive releases.

Tables M.2.9-5 and M.2.9-6 include the radiological impacts to the MEI and the offsite populations using water
from the Savannah River downstream of SRS to the Atlantic Ocean. The maximally exposed member of the
public would receive an annual dose of 0.37 mrem. An estimated fatal cancer risk of 9.3x10°® would result from
50 years of operation. The population would receive a dose of 3.6 person-rem in 2030. An estimated 0.09 fatal
cancers would result from 50 years of operation.

Worker Doses. It is projected that in 2005 and beyond, there would be 7,069 badged workers involved in No
Action activities. The annual average dose among these workers would be 36 mrem and the annual dose among
all these workers would equal 259 person-rem. From 50 years of operation, an estimated fatal cancer risk of
7.2x10" would result to the average worker and 5.2 fatal cancers could result among all workers.
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Table M.2.9.1-2. Annual Liquid Releases From Normal Operation of
No Action at Savannah River Site (curies)

Isotope Release?
H-3 1.3x10*
Sr-90 0.48
1-129 0.022
Cs-137 0.25
Pm-147 7.0x1073
U-235 1.1x10°3
Pu-239 9.6x1073

3 Total Site release.
Source: WSRC 1994d.

M.29.2 Storage and Disposition

Atmospheric Releases and Resulting Impacts to the Public. Total site radiological impacts during operation
of storage or disposition facilities can be found by adding the impacts resulting from No Action facilities to the
changes in impacts resulting from storage or disposition facilities. For example, to determine the radiological
impact for the addition of an AP600 reactor at SRS, the No Action facilities doses would be summed with the
AP600 reactor doses. Estimated annual atmospheric radioactive releases for the storage and disposition facilities
are given in Section M.2.3. Tables M.2.9-3 and M.2.9-4 include the atmospheric radiological impacts by
alternative facility.

Virtually, no change is anticipated in radioactive releases due to the upgraded or new Pu storage facilities for
continued Pu storage at SRS above those radioactive releases already included in No Action. Therefore, there
are no changes in dose to the public from the upgraded or new Pu storage facilities at SRS.

The annual doses from total site operations associated with the different alternative facilities range from 0 to
0.26 mrem to the maximally exposed member of the public and from O to 32 person-rem to the 80-km (50-mi)
population in 2030. The associated health effects from annual operations are included in both tables.

Liquid Releases and Resulting Impacts to the Public. There are two disposition technologies that would
release liquid discharges to the surface water surrounding SRS. These are the large and small evolutionary
LWRs. The liquid releases for these two technologies are given in Section M.2.3. As an example of determining
the total site liquid radiological impact associated with the addition of an AP600 reactor at SRS, the No Action
liquid doses must be summed with the AP600 reactor liquid doses. Table M.2.9-5 and M.2.9-6 present the
liquid radiological impacts for the applicable alternative facilities.

The annual doses associated with the different LWRs that have liquid releases range from 0.015 to 0.067 mrem
to the maximally exposed member of the public, and range from 0.096 to 0.39 person-rem to the downstream
population in 2030. The associated health effects from annual operations are included in both tables.

Worker Doses and Health Effects. For the storage and disposition alternatives, the impacts from the No Action
facilities need to be added to the changes in impacts from the storage or disposition facilities to determine the
impacts from total site operations (refer to the worker discussion under No Action, above, and to

Table M.2.3.2—1).
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M.2.10 RADIOLOGICAL IMPACT AT ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE

The results of the radiological consequence assessments for the RFETS and the sources of data used in the
assessments are given in Section 4.2.7.9.

M.2.11 RADIOLOGICAL IMPACT AT LOS ALAMOS NATIONAL LABORATORY

The results of the radiological consequence assessments the LANL and the source of data used in the
assessments are given in Section 4.2.8.9.

M.2.12 DEEP BOREHOLE DISPOSITION GENERIC SITE

The results of the radiological consequence assessments for the generic borehole site are given in Sections
4.3.3.1.9 and 4.3.3.2.2.9. The sources of data used in the assessments are given in Health Physics Data, October
1996.

M.2.13 GENERIC MIXED OXIDE FUEL FABRICATION SITE

The results of the radiological consequence assessments for the generic MOX fuel fabrication facility are given
in Section 4.3.5.1.9. The sources of data used in the assessments are given in Health Physics Data, October 1996.

M.2.14 EXISTING LIGHT-WATER REACTOR GENERIC SITE

The results of the radiological consequence assessments for the generic existing light-water reactor facility are
given in Section 4.3.5.2.9. The sources of data used in the assessments are given in Health Physics Data, October
1996.

M.2.15 PARTIALLY COMPLETED REACTOR GENERIC SITE

The results of the radiological consequence assessments for the generic partially completed reactor site are
given in Section 4.3.5.3.9. The sources of data used in the assessments are given in Health Physics Data, October
1996.
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M.3 HAZARDOUS CHEMICAL IMPACTS TO HUMAN HEALTH

M.3.1 BACKGROUND

Two general types of adverse human health effects are assessed for hazardous chemical exposure in this PEIS.
These are carcinogenic and non-carcinogenic effects. For this reason, two tables were developed to assist the
risk assessor in the evaluation process. Table M.3.2-1, the Table of Chemical Toxicity Profiles, characterizes
each chemical in terms of physical properties, potential exposure routes, and the effects on target tissues/organs
that might be expected. The risk assessor will use it qualitatively to determine how exposure might occur
(exposure route), what tissue or organ system might be affected (for example, central nervous system
dysfunction or liver cancer) and whether the chemical might possess other properties affecting its bioavailability
in a given matrix (that is, air, water, or soil). Table M.3.3-1, the Table of Exposure Limits, provides the risk
assessor with the necessary information to calculate risk or expected effects should an individual be exposed to
a hazardous chemical for a long time at low levels (chronic exposure) or to higher concentrations for a short
time (acute). Where a dose effect calculation is required (milligram [mg]/kilogram [kg]/day), the Reference
Dose (RfD) is applicable, and where an inhalation concentration effect is required, the Reference Concentration
(for example, Reference Concentration [RfC] in mg/cubic meter) is applicable for chronic exposures. The
Permissible Exposure Limit (PEL) value, which regulates worker’s exposures over 8-hour (hr) periods,
determines the concentration allowed for occupational exposures that would be without adverse acute effects.
Other values, such as the Threshold Limit Value, are presented for the reader’s information, because they are
prepared by the American Conference of Governmental Industrial Hygienists (ACGIH) for guidance on
exposures of 8-hr periods, and can be used to augment PELSs or serve as exposure levels in the absence of a PEL.
All currently regulated chemicals associated with each site and every hazardous chemical are presented in Table
M.3.2-1 and Table M.3.3-1.

It was assumed that under normal operation conditions, members of the public would only receive chronic
exposures at low levels in the form of air emissions from a centrally located source term at each site; since
hazardous chemicals are not released into surface or ground waters or into soil, inhalation is assumed to be the
only route of exposure. However, all chemical quantities are accounted for as air emissions, which are several
orders of magnitude greater than by all other possible routes combined. It was further assumed that the MEI
member of the public would be at the site boundary and this assumption was used when calculating all public
exposures, which under normal operating conditions are expected to be chronic and at very low levels. For
worker exposures to hazardous chemicals, it was assumed that individuals were exposed only to low air
emission concentrations during an 8-hr day for a 40-hr week for a maximum working lifetime of 40 years. The
point of exposure chosen was 100 m (328 ft) from a centrally located source term, since the precise placement
of source terms onsite could not be made. Further, it could not be determined where the involved and non-
involved workers would be relative to the emission sources.

For every site involved in the analysis, Hazard Indexes (HIs) were calculated for every alternative action relative
to the site. The exposure concentrations of hazardous chemicals for the public and the onsite workers were
developed using the Industrial Source Complex Short Term Model for point, area, and volume sources. This
model, which estimates dispersion of emissions from these sources, has been field tested and recommended by
the EPA. The modeled concentrations were compared to the unique RfC and PEL values unique to each
chemical to yield Hazard Quotients (HQs) for the public and onsite workers, respectively. The HQs were
summed to give the HIs for each alternative action at each site, as well as total HIs (that is, No Action HI +
alternative-incremental HI). For cancer risk estimation, the inhaled concentrations were converted to doses in
'mg/kg/day, which were then multiplied by the slope factors unique to each identified carcinogen. The risks for
all carcinogens associated with each alternative (incremental risk) at each site were summed, and the No Action
cancer risk for each site was added in order to show the total risk should that alternative action be implemented
at a given site. We apply this conservative approach to all sites using the guidance under the Comprehensive
Environmental Response Compensation and Liability Act, which applies to Superfund sites. The first
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assessment in risk analysis is considered a screening step. Under this guidance, if the HI is less than, or equal
to 1.0, all non-cancer exposure values meet Occupational Safety and Health Administration (OSHA) standards;
if the cancer risk is less than or equal to 1.0x10°5, no further analysis is done. A cancer risk of 1.0x10°® from
other sources cannot be distinguished from the cancer risk for an individual member of the general population.
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M.3.2 CHEMICAL TOXICITY PROFILES

Table M.3.2-1 provides the reader with pertinent facts about each chemical that is included in this PEIS’s human
health risk assessment. This includes the Chemical Abstracts Service number, which aids in a search for
information available on any specific chemical and ensures a positive identity regardless of which name or
synonym is used. It also contains physical information (that is, solubility, vapor pressure, and flammability) as
well as presenting incompatibility data that is useful in determining whether a hazard might exist and the nature
of the hazard. The route of exposure, target organs/tissues, and carcinogenicity provide an abbreviated summary
on how individuals might get exposed, what body functions could be affected, and whether chronic exposure
could lead to increased cancer incidence in an exposed population.
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Health and Safety

M.33 REGULATED EXPOSURE LIMITS

Hazardous chemicals are regulated by various agencies in order to provide protection to the public (EPA
regulated) and to workers OSHA, while others (National Institute for Occupational Safety and Health [NIOSH]
and the ACGIH) provide guidelines. The RfDs and RfCs set by EPA represent exposure limits for long-term
(chronic) exposure at low doses and concentrations, respectively, that can be considered safe from non-
cancerous effects. The PEL represents concentration levels set by OSHA that are safe for 8-hr exposures without
causing non-cancerous effects. The slope factor, or the unit risk, is used to convert the daily uptake of a
carcinogenic chemical averaged over a lifetime to the incremental risk of an individual developing cancer.
Table M.3.3-1 presents the information on exposure limits used to develop HQs for each of the hazardous
chemicals and the Hls derived from their summation and the slope factors used to calculate cancer risk for each
chemical at the exposure concentrations identified at the various sites or associated with a proposed alternative
action.
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M.34 HAZARDOUS CHEMICAL RISK/EFFECTS CALCULATIONS
Tables M.3.4-1 through M.3.4-79 show the human health risk increment from exposure to hazardous chemicals

associated with the various alternative activities. The terms associated with calculations are given in the
footnotes for each table so that each calculated value can be verified.
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M4 HUMAN HEALTH STUDIES: EPIDEMIOLOGY

Various epidemiologic studies have been conducted at some of the sites evaluated in this PEIS because of the
concern for potential health effects (that is, premature fatalities) associated with the manufacture and testing of
nuclear weapons. These studies focus on the DOE workforce and residents of communities, surrounding DOE
sites.

M4.1 BACKGROUND

The health effects associated with ionizing radiation exposure were first published about 60 years ago. Studies
published in the 1930s first documented cancer among painters who used radium to paint watch dials back in
1910-1920. Radiation therapy for disease was used since the 1930s, and studies have shown that the risk of
cancer was related to the amounts of radiation received. Nuclear weapons research and manufacture and
consequent exposure to radiation occurred beginning in the late 1930’s. Exposure to radionuclides has changed
over time with higher levels occurring in the early days of research and production. Numerous epidemiologic
studies have been conducted among workers who manufactured and tested nuclear weapons due to the concemn
with potential adverse health effects. More recently, concerns about radiologic contaminants off-site have
resulted in health studies among communities that surround DOE facilities. The following section briefly gives
an overview of epidemiology followed by a review of epidemiologic studies of sites evaluated in the PEIS.

Epidemiology is the study of the distribution and determinants of disease in human populations. The distribution
of disease is considered in relation to time, place, and person. Relevant population characteristics should include
the age, race and sex distribution of a population, as well as other characteristics related to health, such as social
characteristics (for example, income and education), occupation, susceptibility to disease, and exposure to
specific agents. Determinants of disease include the causes of disease, as well as factors that influence the risk
of disease.

M4.1.1 Study Designs

Ecologic Studies. Ecologic studies compare the frequency of a disease in groups of people in conjunction with
simple descriptive studies of geographical information in, an attempt to determine how health events among
populations vary with levels of exposure. These groups may be identified as the residents of a neighborhood, a
city, or a county where demographic information and disease or mortality data are available. Exposure to
specific agents may be defined in terms of residential location or proximity to a particular area, such as distance
from a waste disposal site. An example of an ecologic study is a comparison of the rate of heart disease among
community residents by drinking water quality.

The major disadvantage of ecologic studies is that the measure of exposure is based on the average level of
exposure in the community, when we are really interested in the individual’s exposure. Ecologic studies do not
take into account other factors, such as age and race that may also be related to disease. These types of studies
may lead to incorrect conclusions, an “ecologic fallacy.” For the above example, it would be incorrect to assume
that the level of water hardness influences the risk of getting heart disease. Despite the obvious problems with
ecologic studies, they can be a useful first step in identifying possible associations between risk of disease and
environmental exposures. However, because of their potential for bias they should never be considered more
than an initial step in investigation of disease causation.

Cohort Studies. The cohort study design is a type of epidemiologic study frequently used to examine
occupational exposures within a defined workforce. A cohort study requires a defined population that can be
classified as being exposed or not exposed to an agent of interest, such as radiation or chemicals that influence
the probability of occurrence of a given disease. Characterization of the exposure may be qualitative (for
example, high, low, or no exposure) or very quantitative (for example, radiation measured in Sieverts [Sv] and
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chemicals in parts per million). Surrogates for exposure, such as job titles, are frequently used in the absence of
quantitative exposure data.

Individuals enumerated in the study population are followed for a period of time to observe who died. In general
overall rates of death and cause-specific rates of death have been assessed for workers at the PEIS sites. Death
rates for the exposed worker population are compared with death rates of workers who did not have the exposure
(internal comparison), or compared with expected death rates based on the U.S. population or State death rates
(external comparison). If the rates of death differ from what is expected, an association is said to exist between
the disease and exposure. In cohorts where the exposure has not been characterized, excess mortality can be
identified, but these deaths cannot be attributed to a specific exposure, and additional studies may be warranted.
More recent studies have looked at other disease endpoints, such as overall and cause-specific cancer incidence
(newly diagnosed) rates.

Most cohort studies at PEIS sites have been historical cohort studies, that is, the exposure occurred some time
in the distant past. These studies rely on past records to document exposure. This type of study can be
problematic if exposure records are incomplete or were destroyed. Cohort studies require extremely large
populations that have been followed for many (20-30) years. They are generally difficult to conduct and are very
expensive. These studies are not well suited to studying diseases that are rare. Cohort studies do, however,
provide a direct estimate of the risk of death from a specific disease, and allow an investigator to look at many
disease endpoints.

Case-Control Studies. The case-control study design starts with the identification of persons with the disease
of interest (case) and a suitable comparison (control population of persons without the disease). Controls must
be persons who are at risk for the disease and are representative of the population that generated the cases. The
selection of an appropriate control group is often quite problematic. Cases and controls are then compared with
respect to the proportion of individuals exposed to the agent of interest. Case-control studies require fewer
persons than cohort studies, and therefore, are usually less costly and less time consuming, but are limited to the
study of one disease (or cause of death). These types of studies are well suited for the study of rare diseases and
are generally used to examine the relationship between a specific disease and exposure.

M4.1.2 Definitions

Unfamiliar terms frequently used in epidemiologic studies, including those used in this document, are defined
below.

Age, gender, and cigarette smoking are the principal determinants of mortality. Standardization is a statistical
method used to control for the effects of age, gender, or other characteristics so that death may be compare
among different population groups. There are two ways to standardize rates, the indirect or direct methods. In
general the indirect method of standardization is most frequently used.

Indirect standardization: The disease rates in the reference (comparison) population are multiplied by the
number of individuals in the same age and gender group in the study population to obtain the expected rate of

disease for the study population.

Direct standardization: The disease rates in the study population are multiplied by the number of individuals
in the same age and gender group in the reference (comparison) population. This gives the expected rates of
disease for the reference population if these rates had prevailed in that group.

Standardized mortality ratio (SMR): The SMR is the ratio of the number of deaths observed in the study
population to the number of expected deaths. The expected number of deaths is based on a reference (or
comparison population). Death rates for the U.S. population (or State) are most frequently used as the
comparison to obtain expected rates. An SMR of 1 indicates a similar risk of disease in the study population

M-222



Health and Safety

compared with the reference population. An SMR greater than 1 indicates excess risk of disease in the study
population compared with the reference group, and an SMR less than 1 indicates a deficit of disease.

[Text deleted.]

Relative risk: The ratio of the risk of disease among the exposed population to the risk of disease in the
unexposed population. Relative risks are estimated from cohort studies.

Odds ratio: The ratio of the odds of disease if exposed, to the odds of disease if not exposed. Under certain
conditions, the odds ratio approaches the relative risk. Odds ratios are estimated from case-control studies.

Excess Relative Risk (ERR): Per SV is based on a regression model in which the relative risk is assumed to be
of the form 1 + BZ, where Z is the cumulative dose in SV.

Standardized Rate Ratio (SRR): A rate ratio in which the numerator and the denominator have been
standardized to the same (standard) population distribution.

[Text deleted.]

Healthy Worker Effect: A phenomenon observed in studies of occupational diseases. Workers usually exhibit
lower overall death or disease rates compared to the general population, due to the fact that the severely ill and
disabled are excluded from employment. Rates from the general population may be inappropriate for
comparison if this effect is not taken into consideration.

Confidence Interval (CI): A range of values for a variable of interest, for example, a rate, constructed so that
this range has a specified probability of including the true value of the variable. The specified probability is
called the confidence level, and the end points of the confidence interval are called the confidence limits.

P, P (Probability) Value: The probability that a test statistic would be as extreme as or more extreme than
observed if the null hypothesis were true. The letter P, followed by the abbreviation n.s. (not significant) or
by the symbol < (less than) and a decimal notation such as 0.01, 0.05, is a statement of the probability that
the difference observed could have occurred by chance, if the groups are really alike, that is, under the Null
Hypothesis. Investigators may arbitrarily set their own significance levels, but in most biomedical and
epidemiologic work, a study result whose probability value is less than 5 percent (P < 0.05) or 1 percent
(P < 0.01) is considered sufficiently unlikely to have occurred by chance to justify the designation “statistically
significant.”

Multivariate Analysis: A set of techniques used when the variation in several variables has to be studied
simultaneously. In statistics, any analytic method that allows the simultaneous study of two or more Dependent
Variables.

Incidence: (Syn:incident number) The number of instances of illness commencing, or of persons falling ill,
during a given period in a specified population. More generally, the number of new cases of a disease in a defined
population, within a specified period of time. The term incidence is sometimes used to denote Incidence Rate.

Incidence Rate: The rate at which new events occur in a population. The numerator is the number of new events
that occur in a defined period; the denominator if the population at risk of experiencing the event during this
period, sometimes expressed as person-time. The incidence rate most often used in public health practice is
calculated by the formula
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Number of new events in
specified period

Number of persons exposed
to risk during this period

x10"

In a dynamic population, the denominator is the average size of the population, often the estimated population
at the mid-period. If the period is a year, this is the annual incidence rate. This rate is an estimate of the person-
time incidence rate, that is, the rate per 10" person-years. If the rate is low, as with many chronic diseases, it is
also a good estimate of the cumulative incidence rate. In follow-up studies with no censoring, the incidence rate
is calculated by dividing the number of new cases in a specified period by the initial size of the cohort of persons
being followed; this is equivalent to the cumulative incidence rate during the period. If the number of new cases
during a specified period is divided by the sum of the person-time units at risk for all persons during the period,
the, result is the person-time incidence rate.

[Text deleted.]
M4.2 HANFORD SITE
Surrounding Community

Sever et al. published two studies in 1988 of birth defects in Benton and Franklin Counties in which Hanford is
located (AJE 1988a:226-242, 243-254). The prevalence of births of congenital malformed infants for the study
period from 1968 to 1980 was the focus of one of the two studies (AJE 1988a:243-254). The congenital
malformation rate in the newborn population of 19.6/1000 was not elevated compared with the rates for the
States of Washington, Idaho, and Oregon (12.2 / 1000). Neural tube defects were more common than expected
in the comparison area (Prevalence=1.72; 95% CI=1.22-2.34). The companion case-control study investigated
whether there was any association of parental occupational exposure to external radiation and the risk of
congenital malformations among births occurring from 1957 to 1980 (AJE 1988a:226-242). Two defects,
congenital dislocation of the hip (12 observed, 7.1 expected, p<0.025) and tracheoesophageal fistula (4
observed, 1.4 expected, p<0.05), showed statistically significant association with parental employment at
Hanford but not with parental radiation exposure.

Neural tube defects showed a significant association with parental preconception external radiation exposure.
Other defects studied, including Down’s Syndrome, showed no evidence of such an association with parental

external radiation exposure.

Jablon et al. examined cancer mortality in populations living near nuclear facilities in the U.S., including
Hanford (JAMA 19912a;1403-1408). The study compared cancer mortality in 107 counties with or near 62
nuclear facilities to those in comparison counties with similar demographic characteristics but without nuclear
facilities. For Hanford, Benton, Franklin, and Grant Counties were studied. The authors concluded that no
general association was detected between residents in a county with a nuclear facility and death attributable to
leukemia or any other form of cancer. The authors also noted that interpretation of the study resuits is limited
by the study’s ecological approach in which the exposures of individuals are not known.

Worker Studies

Mancuso and Sanders Era

Studies of the Hanford workers began in 1969. Initially, the study of Hanford workers conducted by the
University of Pittsburgh was designed to evaluate longevity and disability in workers (HP 1978a:521-538).

Hanford workers were compared with their brothers or sisters and to a national sample of employed people from
the Social Security Administration continuous work history files. The study included 17,600 males and 3,900
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females hired from 1944 through 1971, and considered deaths that occurred from 1944 to October 1972.
Workers were categorized as “radiation exposed workers” and “nonexposed workers.” In general, the longevity
for both males and females within each category were similar, with the largest difference for exposed men who
had a nonsignificantly reduced longevity relative to their sibling controls. A second analysis included about
1,800 Hanford workers; 1,800 matched Social Security Administration continuous work history controls; and
3,055 “identified siblings.” The disability claim rate for all Hanford workers was significantly lower than the
matched Social Security Administration continuous work history controls, as was the rate for radiation-exposed
workers.

Analyses were expanded to examine specific causes of death (HP 1977a:369-385). In these analyses, the
average cumulative radiation dose for workers dying of a site specific cancer, or group of cancers, was compared
with the average radiation dose for all workers dying from all causes.

For deaths from 1944-1972, the following cancer types were reported with higher radiation doses: multiple
myeloma, pancreas, brain, kidney, lung, colon, myeloid leukemia, and lymphomas. When the comparison was
made against the average dose for all noncancer deaths rather than for all deaths, excess deaths were attributed
to radiation for all cancers combined, multiple myeloma, myeloid leukemia, pancreas, and lung.

The authors examined the amount of radiation necessary to double the risk of death for specific cancers. Five
cancer categories were concluded to have significant doubling doses: bone marrow cancers, pancreatic cancer,
lung cancer, reticuloendothelial neoplasms, and all cancers combined. Next, the authors explored whether the
doses received at some specific ages were more important than at other ages, and they concluded that sensitivity
to radiation carcinogenesis was high before age 25 years and after age 45 years.

As the analytic methods used in the study were controversial, the Hanford data were re-analyzed by other
investigators in 1979, and the analytic methods were reassessed. Hutchinson et al. concluded that analyses of
the Hanford data, adjusted for age and calendar year of death, reduced the number of cancer sites for which a
radiation dose relationship could be suggested to two: cancer of the pancreas (p=0.011 for trend test) and
multiple myeloma (p=0.009 for trend test) (HP 1979a:207-220). For both of these sites, more deaths were
observed than expected only among those with doses exceeding 10 rad. The authors also considered the issue
of sensitive ages for radiation exposure and concluded such ages could not be identified without considering
lifetime patterns of exposure ages.

In a separate independent analysis, Gofman et al. considered these issues using a different methodological
approach (HP 1979a:617-639). The authors reported, consistent with the finding of Hutchinson et al., that
differences in radiation dose between those dying of cancer compared with other diseases are found primarily
in those receiving 10 rad or more exposure. The authors estimated that radiation caused a 3.5 percent increment
in cancer deaths. The doubling dose for cancers overall was estimated at 43.5 rad, consistent with the Mancuso
estimate previously reported. The authors did not concur with Mancuso et al. on the suggestion of variation in
sensitivity to radiation by age at exposure.

Other methodological problems in the original analyses were identified by Anderson who concluded that the
estimate of excess deaths was “implausible,” but did agree that the analyses were consistent with some excess
deaths from multiple myeloma, cancer of the pancreas, and possibly lung cancer (HP 1978b:743-750). A deficit
in leukemia deaths was noted. The Mancuso study was also reviewed by the National Radiological Protection
Board (NRPB) in the United Kingdom. This report concluded that the only excess fatal malignancies at Hanford
that may be associated with radiation are cancer of the pancreas and multiple myeloma (NRPB 1978a). The
report indicated that further investigation was necessary, as the effect could have been due to other carcinogens.

In 1978, Kneale, Stewart, and Mancuso updated the Hanford study with death information to 1977 (IAEA
1978a:387-412). The authors concluded that approximately 5 percent of the cancer deaths at Hanford were
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radiation- induced and that these extra deaths were probably concentrated among cancers of the bone marrow,
lung, and pancreas. '

In 1981, Kneale et al. again reported on the Hanford data, using a different analytic technique (BJIM 1981a:156-
166). The cohort included radiation-monitored employees up to 1975 and deaths through 1977. The authors
estimated a linear model doubling dose at 15 rads, estimated the latency to be 25 years, and rejected the
hypothesis that all age at exposure groups are equally sensitive to radiation.

In 1993, Kneale and Stewart published a re-analysis of the Hanford data (AJIM 1993a:371-389). The study
included 27,395 male and 8,473 female workers who worked between 1944 and 1978 and had been monitored
for radiation. Deaths were determined through 1986. In this analysis, all cancers listed on the death certificate
were included in the study. The authors concluded that the Hanford data supported a doubling dose from 8.6 to
44.8 mSv, with a nonlinear dose response, in contrast to the prior study. The estimated proportion of radiation-
caused cancers ranged from 12.5 percent to 50.9 percent, the cancer latency period was estimated to be 14-17
years, and the most radiosensitive ages for exposure were over 58 years of age.

In 1996, Stewart and Kneale again investigated the relationship between age at exposure and cancer risk in the
Hanford data using monitored workers described in the 1993 analysis (OEM 1996a:225-230). The data were
adjusted to account for the effects of date of birth and date of death. The workers were grouped by average doses
into intervals of when dose was received to allow for cancer latency and age groups to isolate the most sensitive
age at exposure.

The authors concluded that sensitivity to carcinogenic effects of radiation increase progressively with age
during adult life and providing that the dose is too small to produce many cell deaths, the ratio of leukemias to
solid tumors is no different for radiogenic and idiopathic tumors in contrast with the atomic bomb survivor data,
which found a strong association with leukemia.

Simultaneously, other researchers were reporting the results of studies of the Hanford workers. In 1979, Gilbert
and Marks reported the results of analyses of the mortality experience of Hanford workers from the time the
plant was built through April 1974 (RR 1979a:122-148). The cohort consisted of 20,842 white males hired
before 1966 with a focus on 13,075 employed at least 2 years. Mortality rates were not higher than expected
among workers for all causes of death, all malignant neoplasms, diseases of the circulatory system, accidents,
or other causes. When individual cancer sites were considered, only malignant neoplasm of the pancreas
(SMR=130, p<0.05) among individuals who had worked less than 2 years at Hanford was significantly elevated.

To determine if there was an association with external radiation exposure, the mortality experience of workers
who had been monitored for radiation was compared with all workers in the study. Among white males
monitored for radiation, there was a statistically significant trend between mortality and increasing radiation
dose for pancreatic cancer (4 observed, 2.5 expected; p=0.07 for trend test) and multiple myeloma
(12.4 observed, 3.6 expected; p=0.006 for trend test) when lagged 2 years for cancer development. When
exposures were lagged for 10 years, only deaths due to multiple myeloma (6.2 observed, 1.5 expected; p=0.006
for trend test) showed a trend with cumulative occupational exposure to ionizing radiation.

The mortality experience of the Hanford cohort was updated the following year (RR 1980a:740-741). Three
hundred and ninety additional deaths among white males, occurring to May 1977, were included in the study.
Results were similar to those previously reported.

The cohort was again updated in 1983 (RR 1983a:211-213). This analysis was expanded to include workers
hired during and after 1965 and employed 2 or more years. In this analysis, the significant positive trend
between increasing dose and pancreatic cancer disappeared. The significant trend for multiple myeloma

remained.
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The next update of the cohort mortality study for Hanford was published in 1989 (HP 1989a:11-25). The cohort
consisted of 31,500 males and 12,600 females first employed through 1978. Deaths from 1944-1981 were
analyzed for the entire cohort. Death certificates for radiation-monitored workers who died in the State of
Washington between 1982-1985 were also obtained.

Overall, Hanford workers continued to have death rates substantially below the general U.S. population. Among
female workers not monitored for external radiation, there were significantly more deaths for the category of
accidents, poisonings, and violence than expected (SMR=1.38, p=0.05). Monitored females had a higher rate
of death from diseases of the musculoskeletal system and connective tissues than expected (SMR=2.33,
p=0.05). When individual cancer sites were considered, males not monitored for radiation were observed to
have significantly higher rates of death from pancreatic cancer (SMR=1.69, p=0.01) and solid tumors
(SMR=1.56, p=0.05) than expected.

The risk analyses for trends by radiation dose were lagged for 2- and 10-year induction periods, and included
deaths from 1947 through 1981. No correlation between mortality and dose was seen when the analyses were
lagged for 2 years. When dose was lagged 10 years, there was a suggestive trend between dose and deaths from
all cancers, genital cancer among females, and multiple myeloma.

Although the number of workers at Hanford with Pu deposition was limited, data on these workers were
analyzed separately to examine major cause of death categories by exposure categories. No trends between
increasing death rates and increasing deposition Pu were detected. As cause of death information was available
through 1985 for those dying in the State of Washington, additional analyses were conducted. Four additional
deaths from multiple myeloma were observed, but the trend with dose was not statistically significant.

The Hanford cohort was once again updated by Gilbert et al. in 1993 (HP 1993a:577-590). This analysis
included workers who were employed 6 months or more and were first employed through 1978. Deaths among
the entire cohort that occurred from 1944 through 1986, and through 1989 for monitored workers who died in
the State of Washington, were analyzed. This data set included 456 workers not previously studied and
eliminated 265 individuals who never actually worked at the site. Radiation dose records from construction
worker files were also added to the data set.

When the death rates for Hanford workers were compared with the general U.S. population, monitored females
continued to have an elevated rate of deaths from musculoskeletal system and connective tissue conditions
(SMR=2.06, p=0.05) noted in the 1989 paper. As previously reported, unmonitored males continued to have
higher death rates for pancreatic cancer (SMR=1.57, p=0.05) and the category noted as miscellaneous solid
tumors (SMR=1.47, p=0.05).

As in previous papers, the data were then analyzed to examine trends between the risk of death and external
radiation dose lagged for 2 and 10 years. Statistically significant trends were seen when the dose was lagged
10 years for deaths due to pancreatic cancer (SMR=1.59, p=0.065), Hodgkin’s disease (SMR=1.80, p=0.038),
and multiple myeloma (SMR=1.54, p=0.10). Deaths due to liver cancer (SMR=1.93, p=0.065) were detected
when the exposures were lagged for 2 years. Additional analyses were conducted, which included “all” cancers
noted on the death certificate, in addition to those reported on the death certificate as the “underlying cause of
death.” The investigators concluded that there were no additional cancers that showed significant correlations
with dose as compared with the previous analysis that used the underlying cause of death.

Hanford workers have been included in several studies that have examined occupational risks across the nuclear
complex, both in the U.S. and internationally. These combined studies have been undertaken in an attempt to
increase the statistical power of the studies to detect the effects of low-level chronic radiation exposure.

A combined site mortality study included workers from Hanford, Oak Ridge, and Rocky Flats
(RR 1993a:408-421). Earlier analyses of these cohorts indicated that risk estimates calculated through
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extrapolation from high-dose data to low-dose data did not seriously underestimate risks of exposure to low-
dose radiation (AJE 1990a:917-927; RR 1989a:19-35). The updated analyses were performed in order to
determine whether the extrapolated risks represented an over-estimation of the true risk at low doses. The study
population consisted of white males employed at one of the three facilities for at least 6 months and monitored
for external radiation. The Hanford population also included females and nonwhite workers. The total
population dose was 1237 Sv. Analyses included trend tests for site-specific cancer deaths and several broad
noncancer categories. Statistically significant trends were noted for cancer of the esophagus (p=0.015 for trend
test), cancer of the larynx (p=0.019 for trend test), and Hodgkin’s disease (p=0.048 for trend test). These cancers
were not related to radiation exposure levels in previously published studies. Excess relative risk models were
calculated for the combined DOE populations and for each DOE site separately. Without exception, all risk
estimates included the possibility of zero risk (that is, the confidence interval for the risk coefficient went from
below zero to above zero). There was evidence of an increase in the excess relative risk for cancer with:
increasing age in the Hanford and Oak Ridge populations; both populations showed significant correlations of
all cancer with radiation dose among those 75 years and older.

Multiple myeloma (p=0.103 for trend test) was the only cancer found to exhibit a statistically significant
correlation with radiation exposure that was based on the excess previously reported among Hanford workers.

An international effort to pool data from populations exposed to external radiation included Hanford workers,
as well as workers at Rocky Flats and Oak Ridge in the U.S. and other radiation worker populations in Canada
and Britain (RR 1995a:117-132). The cohort compared 95,673 workers employed 6 months or longer and the
population dose was 3,543.2 Sv. There was no evidence of an association between radiation dose and mortality
from all causes or from all cancers. There was a significant dose-response relationship with leukemia, excluding
chronic lymphocytic leukemia (ERR=2.18 per Sv; 90 percent CI 0.1-5.7) and multiple myeloma (ERR not
computed; 44 observed; p=0.037 for trend test). The study results do not suggest that current radiation risk
estimates for cancer at low levels of exposure are appreciable in error.

Epidemiologic Studies

DOE’s Office of Epidemiologic Studies has implemented an epidemiologic surveillance program at Hanford to
monitor the health of current workers. This program will evaluate the occurrence of illness and injury in the
workforce on a continuing basis and the results will be issued in annual reports. The implementation of this
program will facilitate an ongoing assessment of the health and safety of Hanford’s workforce and will help
identify emerging health issues.

Currently operational at a number of DOE sites, including production sites and research and development
" (R&D) facilities, epidemiologic surveillance uses routinely collected health data including descriptions of
illness resulting in absences lasting 5 or more consecutive workdays, disabilities, and OSHA recordable injuries
and illnesses abstracted from the OSHA 200 log. These health event data, coupled with demographic data about
the active workforce at participating sites, are analyzed to evaluate whether particular occupational groups are
at increased risk of disease or injury when compared with other workers at a site. As the program continues and
data for an extended period of time become available, time trend analysis will become an increasingly important
part of the evaluation of worker health. Monitoring the health of the workforce provides a baseline
determination of the iliness and injury experience of workers and a tool for monitoring the effects of changes
made to improve the safety and health of workers. Noteworthy changes in the health of the workforce may
indicate the need for more detailed study or increased health and safety measures to ensure adequate protection

. for workers.

Memorandum of Understanding

The Hanford Environmental Dose Reconstruction (Hanford Environmental Dose Reconstruction) Project was
undertaken by DOE to estimate the radiation dose that people may have received from nuclear operations at
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Hanford (WA Ecology 1994a). In 1990, DOE entered into a Memorandum of Understanding with the
Department of Health and Human Services to conduct health studies at DOE sites. The Centers for Disease
Control and Prevention’s National Center for Environmental Health is responsible for dose reconstruction
studies and has managed the Hanford Environmental Dose Reconstruction Project since that time.

The study determined that the largest doses to offsite populations were from iodine-131 released into the air in
large quantities between December 1944 and December 1947. The most important radiation exposure pathway
for iodine-131 was the consumption of milk produced by cows grazing on pasture downwind of Hanford. The
doses to the thyroid gland of individuals near Hanford were larger than those farther from the site, and depended
on the iodine-131 deposition and quantity of milk consumed at each location.

A second pathway of potential importance was the Columbia River. Releases to the river from Hanford were
highest in the years 1956-1965, which was the height of reactor operations at Hanford. The most important
means of exposure from the river pathway was the consumption of fish by local residents. However, maximum
doses for the heaviest consumption of fish were estimated to be about half the dose an individual normally
receives each year from all sources of radioactive materials in the U.S. environment. This study is in its final
stages and will be completed shortly.

A study in the United Kingdom linked a father’s exposure to ionizing radiation in the workplace with the
subsequent risk of leukemia in his children (RR=6.42; 95 percent CI=1.57-26.3) (BMJ 1990a:423-434). A study
was undertaken to replicate this study in other similar populations. Hanford was one of three sites selected for
study by NIOSH. The population under study consists of residents of Benton and Franklin Counties. The study
includes leukemia, non-Hodgkin’s lymphoma, and central nervous system tumors diagnosed from 1957-1991
in children under the age of 15. The study is expected to be completed in 1996.

A number of studies of the Hanford workforce are underway, directed by NIOSH, under the Memorandum of
Understanding.

Researchers at the University of Texas Medical Branch are conducting a cohort mortality study of female
nuclear weapons workers exposed to low levels of ionizing radiation and other workplace physical and chemical
agents at 12 DOE facilities, including Hanford. The study will be completed in 1997.

A study of multiple myeloma among workers exposed to ionizing radiation and other physical and chemical
agents is being conducted by the University of North Carolina at various DOE sites, including Hanford. The
study is expected to be completed in 1996-1997.

An epidemiologic evaluation of childhood leukemia and paternal exposure to ionizing radiation is being
conducted by Battelle Columbus. The study will collect information of selected childhood cancers, residential
history, and the father’s exposure to ionizing radiation. Completion of the study is expected in 1996-1997.

An epidemiologic study of leukemia at four DOE sites is being conducted by NIOSH. Sites selected for the
study include Hanford.

Boston University is conducting a health-effects-of-job-stress study associated with the redesign and
reconfiguration of the nuclear weapons industry. This study will identify how specific practices for managing
change affect individual health and work performance and to recommend ways to minimize health effects in the
future. Hanford is one of seven DOE facilities included in this multisite study. The study will begin in 1996 and
is scheduled for completion in 1999.

A comprehensive occupational health surveillance project at Hanford will design and implement a health
surveillance system at the site. The University of Washington and the Hanford Environmental Health
Foundation will conduct the study. Completion is expected in 1998.
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A study of heat stress among carpenters at Hanford will assess the real effects of heat stress on physiologic
functions in a real work situation. The study is being conducted by Michigan State University and the United
Brotherhood of Carpenters’ Health and Safety Fund. The study is scheduled for completion in 1999.

Other Related Studies

The Hanford Thyroid Disease Study began in 1988 under the management of Centers for Disease Control and
will be completed in 1998 (HF FHCRC 1995a). It was initiated based on preliminary information from the
Hanford Environmental Dose Reconstruction Project indicating that releases of radioactive iodine-131 from
Hanford in its early years may have produced exposures to human thyroids large enough to have affected the
gland’s functioning. About 3,200 people living at various distances from Hanford have been located and are now
being examined for thyroid disease and thyroid function. These people were selected because as infants during
the years of peak releases of iodine-131 they wete the most sensitive population group. Information gathered
from the individuals in the study about their diet, milk consumption, age, sex, and place of residence will be
used to calculate individual doses received by the thyroid gland using the models developed in the Hanford
Environmental Dose Reconstruction Project. The study results are expected in 1998.

M4.3 NEVADA TEST SITE

Surrounding Communities. Above ground testing of nuclear weapons at the NTS Test Range Complex in
southern Nevada between 1951 and 1958 resulted in the dissemination of radioactive fallout over southeastern
Nevada and southwestern Utah through wind dispersion. Several epidemiologic studies have been conducted to
investigate possible health effects of low-level radiative fallout on residents of these States. These studies
focused on leukemia and thyroid disease in children downwind of NTS.

A series of ecologic studies showed equivocal results in potentially exposed children. A cross sectional review
of thyroid modularity among teenage children reported by Weiss et al. found no significant difference in the
frequency of nodules among “potentially exposed” and “not exposed” children (AJPH 1971a:241-249).
Exposure was defined in terms county of residence. Rallison et al. reported no significant difference in any type
of thyroid disease between Utah children exposed to fallout radiation in the 1950s and control groups drawn
from Utah and Arizona (AJM 1974a:457-463; JAMA 1975a:1069-1072).

To investigate the possible relationship between childhood leukemia and radioactive fallout, Lyon et al.
conducted a mortality study of Utah-children under 15 years old who died in Utah between 1944 and 1975
(NEJM 1979a:397-402). Lyon et al. selected this age group because of the reported increased susceptibility of
children to the neoplastic effects of radiation and the lack of a comparison group over 14 years of age with
suitable low exposures. Lyon et al. obtained death certificates from the Utah vital statistics registrar and based
on year of death, categorized decedents into either high (fallout years of 1951-1958) or low exposure periods
(combined pre-fallout years of 1944-1950 and post-fallout years of 1959-1975). From estimated fallout patterns
contained in maps of 26 tests, Lyon et al. categorized 17 southern rural counties high fallout area and the
remaining northern urban counties as low fallout areas. Age-specific mortality rates derived for deaths which
occurred in the combined low exposure periods were compared with those in the high exposure period. For
reasons unknown, leukemia mortality during the low exposure periods in high fallout counties was half that of
the United States and Utah. A significant excess of leukemia occurred among children statewide who died
during the high fallout period compared to those who died during the low fallout periods (SMR=1.40,
95 percent CI=1.08-1.82, p<0.01). This excess was more pronounced among those who resided in the high
fallout area (SMR=2.44, 95 percent CI=1.18-5.03). No pattern was found for other childhood cancers in relation
to fallout exposure. A radiation dosage was not available, and the effect of migration were not determined for

this study.

Beck and Krey reconstructed exposure of Utah residents studied by Lyon et al. (Science 1983a:18-24) to
external gamma-radiation from NTS fallout through measurements of residual cesium-137 and Pu in soil

M-230




Health and Safety

(NEJM 1979a:397-402). Beck and Krey found that residents in southwest Utah closest to NTS received the
highest exposures, but noted that residents of urban northern areas received a higher mean dose and a
significantly greater population dose than did residents of most counties closer to the test site. Northern Utah
residents received higher average bone doses than southern Utah residents; therefore, the distance from NTS
should not be the sole criteria for dividing the State into geographic subgroups for the purpose of conducting
epidemiologic studies. Beck and Krey concluded that bone doses to southern Utah residents were too low to
account for the excess leukemia deaths identified by Lyon et al. They also determined that bone and whole body
doses from NTS fallout were small relative to lifetime doses most Utah residents receive from background
radiation, and that it was unlikely that these exposures would have resulted in any observed health effects.

Land et al. attempted to confirm the association between leukemia and fallout reported by Lyon et al. using
cancer mortality data from the National Center for Health Statistics for the period 1950 through 1978 (NEJM
1979a:397-402); (Science 1984a:139-144). No statistically significant differences in mortality from leukemia
or other childhood malignancies between northern (SRR=1.52, 90 percent CI=1.24-1.87) and southern Utah
(SRR=1.49, 90 percent CI=0.88-2.51) were observed. The observed difference in leukemia mortality between
the border and interior counties was opposite in direction to that reported by Lyon et al. Results indicated a
downward trend in childhood leukemia mortality over time. Eastern Oregon and the State of Iowa also were
selected for comparison with Utah. The leukemia mortality rate for eastern Oregon was higher (SRR=1.81,
90 percent CI=1.07-3.07), and Iowa lower (SRR=1.16, 90 percent CI=1.02-1.31) than the rate for Utah
(SRR=1.49, 90 percent CI=0.88-2.51. Land et al. concluded that these results suggest that the association
reported by Lyon et al. merely reflects an unexplained low leukemia rate in southern Utah for the period 1944
to 1949.

Another study that assessed the development of cancer among individuals potentially exposed to radioactive
fallout has been reported by Rallison et al. (HP 1990c:739-746). This study examined the thyroid neoplasia risk
in a cohort of children born between 1947 and 1954 in two counties near nuclear test sites, one in Utah and one
in Nevada. A comparison group of Arizona children presumed to have no fallout exposure was also evaluated.
The children (11 to 18 years of age) were examined between 1965 and 1968 for thyroid abnormalities and were
reexamined in 1985 and 1986. Children living in the nuclear testing (Utah/Nevada) area had a higher rate of
thyroid neoplasia (5.6/1000 for phase 1 and 24.6/1000 for phase 2) than the comparison children in Arizona
(3.3/1000 for phase and 20.2/1000 for phase 2), but the differences were not statistically significant (RR=1.2,
p=0.65 for phase 2). The authors concluded that living near the NTS in the 1950s has not resulted in a
statistically significant increase in thyroid neoplasms.

A study by Johnson examined cancer incidence in a cohort of families that were members of the Church of Jesus
Christ of Latter-Day Saints in southwest Utah near the NTS (JAMA 1984b:230-236). The study compared
cancer incidence among all Utah members of the Church of Jesus Christ of Latter-Day Saints during the period
1967-1975 with cancer incidence among two exposed populations: persons residing in a “high fallout area™ and
an “exposure effects group” residing in a broader area that received less intense exposure from radioactive
fallout. Limitations of the study include: the inability to locate 40 percent of the defined population; the lack of
verifying the reported diagnosis of cancer; and the inability to interview a comparable control group.

Cancer incidence for both exposed groups was compared with that of all Utah members of the Church of Jesus
Christ of Latter-Day Saints for two time periods, 1958-1966 and 1972-1980. Johnson found an apparent
increased incidence of leukemia (19 cases, 3.6 expected, p=0.01) and cancers of the thyroid (6 observed,
1.4 expected, p=0.01) and bone (3 observed, 0.3 expected, p=0.01) for residents of the high fallout area for both
time periods. Additional analyses suggested that a higher proportion of the cancers among exposed groups were
in radiosensitive tissues and the proportional excess increased with time compared with all Utah members of
the Church of Jesus Christ of Latter-Day Saints. The ratio of radiosensitive cancers to all other cancers from
1959-1966 was 24 percent higher among the “high fallout area” group and 29.6 percent higher among those in
the “fallout effects” group. For 1972-1980, the ratio was 53.3 percent higher in the “high fallout area” group and
300 percent higher in the “fallout effects” group.
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Machado examined cancer mortality rates of a three-county region in southwestern Utah in comparison to the
remainder of Utah (AJE 1987¢:44-61). There was no excess risk of cancer mortality in southwest Utah, with the
exception of leukemia (OR=1.45, 90 percent CI=1.18-1.79 with Utah controls), which showed a statistically
significant excess for all ages combined, and for children age 0-14. In fact, mortality from all cancer sites
combined was lower in southwest Utah than the remainder of the State. The authors noted that their findings,
including those for leukemia, were inconsistent with the cancer incidence study conducted by Johnson (JAMA
1984b:230-236).

Archer measured soil, milk, and bone strontium-90 levels to identify states with high-, intermediate and low-
fallout contamination (AEH 1987a:263-271). He then correlated the deaths from radiogenic and nonradioactive
leukemias with the time periods of above ground nuclear testing both in the United States and Asia. The results
show that leukemia deaths in children were higher in States with high exposure and lower in States with less
exposure. He showed that leukemia deaths in children peaked approximately 5.5 years following nuclear testing
peaks. The last leukemia peak in the United States occurred in 1968 to 1969, 5.5 years after the last year of a 3-
year period of intensive testing in Asia. The increases were seen in the radiogenic leukemias (myeloid and acute
leukemias), and not with “all other leukemias.”

Kerber et al. updated a previously identified cohort of children living in portions of Utah, Nevada, and Arizona,
to estimate individual radiation doses and determine thyroid disease status through 1985-1986 (JAMA
1993a:2076-2082). Of the 4,818 children originally examined between 1965-1970, 2,473 were included in the
followup exam. Outcomes of interest included thyroid cancers, neoplasms, and nodules based on physical
examinations of the thyroid. Exposure of the thyroid to radioiodines was based on radionuclide deposition rates
provided by DOE and surveys of milk producers. Children with questionable findings were referred to a panel
of endocrinologists for further examination. The authors reported an excess number of thyroid neoplasms
(combined benign and malignant) and a positive dose-response trend for neoplasms, both of which were
statistically significant. The authors also reported a positive dose-response trend for thyroid nodules, not
statistically significant, and a positive dose-response trend for thyroid carcinomas with marginal statistical
significance. The authors estimated that an excess of between 1 and 12 neoplasms (between 0 to 6 excess
malignancies was probably caused by exposure to radioiodines from the nuclear weapons testing. A letter to the
editor criticized Kerber et al. for relying on food histories obtained 22 years after the fact to depict radioiodine
intake, and for the untested modeling approach-for determining dose to the thyroid (JAMA 1994a:825-826).
These concerns were addressed by Kerber et al., which acknowledged the uncertainties in the dose estimates,
but concluded that their estimates were conservative (JAMA 1994a:826).

Till et al. estimated doses to the thyroid of 3,545 subjects who were exposed to radioiodine fallout from NTS
(HP 1995a:472-483). The U.S. Public Health Service first examined this cohort for thyroid disease between
1965-70 and later in 1985-86. Till et al. assigned individual doses based on age, residence histories, dietary
histories, and lifestyle. Individualized dose and uncertainty was combined with the results of clinical
examinations to determine the relationship between dose from NTS fallout and thyroid disease incidence.

Workers. Military personnel and civilian employees of the Department of Defense observed and participated
in maneuvers at the NTS Test Range Complex during above ground tests. An excess number of leukemia cases
was reported (9 cases, 3.5 expected) among the 3,224 men who participated in military maneuvers in August
1957 at the time of the nuclear test explosion “Smoky” (JAMA 1980a:1575-1578). The participants were
located and queried on their health status, diseases, or hospitalizations as of December 1981. Various Federal
records systems were linked, including clinical files, and next of kin was queried about cause of death for those
participants who were deceased. Exposure information was available from film badged records, and the mean
gamma dose for the entire cohort was 466.2 mrem. In a later report of the same cohort, the number of incident
cases of leukemnia had increased to 10 with 4 expected (O/E=2.5, 95 percent Cl=1.2-4.6) (JAMA 1983a:620-
624). No excess in “total cancers” was observed, however. In addition, four cases of polycythemia vera were
reported where 0.2 was expected (JAMA 1984a:662-664). The excess in leukemia cancer incidence and
mortality appear to be limited to the soldiers who participated in “Smoky.”
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The leukemia excess was not observed in a National Research Council mortality study of soldiers exposed to
five series of tests at two sites: Nevada Test Site (PLUMBBOB) and the Pacific Proving Ground (DOE 1985b).
The National Research Council reported that the number of leukemia cases in “Smoky” was greater, but the
increase was considered nonsignificant when analyzed with the data from the other four tests. In 1989, however,
it was discovered that the roster of the atomic veterans cohort on which the National Research Council based its
1985 study contained misclassification errors. As a result, this study is being reanalyzed, and the National
Research Council anticipates publishing the new results by 1997.

M4.4 IDAHO NATIONAL ENGINEERING LABORATORY
Surrounding Communities

Jablon et al. examined cancer mortality in populations living near nuclear facilities in the U.S., including INEL
in Idaho (JAMA 1991a:1403-1408). The study compared cancer mortality from 1950-1984 in 107 counties with
or near 62 nuclear facilities with cancer mortality in control counties without nuclear facilities. Cancer mortality
for Bingham, Butte, and Jefferson Counties, where INEL is located, was compared with nine control counties
in the same region, with similar demographic characteristics. The authors concluded that no general association
was detected between residents in a county with a nuclear facility and death attributable to leukemia or any other
form of cancer. The authors noted that interpretation of the study results is limited by the study’s ecological
approach in which the exposures of individuals are not known.

Cancer morbidity and mortality data in two additional counties near INEL, Clark and Minidoka, were reviewed
by the Idaho Department of Health and Welfare (ID DHW 1991a; ID DHW 1991b). Clark County lies northeast
of INEL and Minidoka County southwest of INEL. Cancer death rates were examined for the years 1950-1989
and cancer incidence rates for the years 1978-1987 to determine if any significant trends in cancer morbidity
and mortality could be observed in these counties compared with the entire State. No statistically significant
differences in age- and sex-adjusted death rates were observed in either county.

When cancer incidence data were considered, the overall cancer incidence rate in Clark County was higher than
expected based on the State of Idaho’s experience. When the Clark County data were examined by primary site,
only two sites were found to be significantly higher than expected—female breast cancer (8 cases observed vs.
3.2 expected, p=0.05) and lip cancer (3 cases observed vs. 0.4 expected, p=0.05). In Minidoka County, there
was no increase in overall cancer incidence rate compared with the entire State. Examination by primary sites
in Minidoka County, however, showed three cancer sites were found to be increased—cancer of the stomach
(20 cases observed vs. 11.6 expected, p=0.05), lip (23 cases observed vs. 8 expected, p=0.01), and uterus
(40 cases observed vs. 24.2 expected, p=0.01). These studies also suffered from the limitations inherent in
ecological studies. In addition, the authors noted that too many comparisons were made for “significant” results
and that the data for Clark County, with an estimated population of 800, were too small to make meaningful
analyses.

State Health Agreement Program

In 1991, INEL completed a historical dose reconstruction study to examine the impact of radioactive materials
released to the environment during INEL’s past operations. Subsequently, under the State Health Agreement
program managed by the DOE Office of Epidemiologic Studies, a grant was awarded to the State of Idaho to
convene an expert panel to review the final dose reconstruction report. The State panel evaluated the
environmental transport and dose assessment models used for the dose reconstruction and recommended that
additional work, involving public participation, be done to more fully examine offsite consequences (ID DHW
1993a).
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five series of tests at two sites: Nevada Test Site (PLUMBBOB) and the Pacific Proving Ground (DOE 1985b).
The National Research Council reported that the number of leukemia cases in “Smoky” was greater, but the
increase was considered nonsignificant when analyzed with the data from the other four tests. In 1989, however,
it was discovered that the roster of the atomic veterans cohort on which the National Research Council based its
1985 study contained misclassification errors. As a result, this study is being reanalyzed, and the National
Research Council anticipates publishing the new results by 1997.

M4.4 IDAHO NATIONAL ENGINEERING LABORATORY
Surrounding Communities

Jablon et al. examined cancer mortality in populations living near nuclear facilities in the U.S., including INEL
in Idaho (JAMA 1991a:1403-1408). The study compared cancer mortality from 1950-1984 in 107 counties with
or near 62 nuclear facilities with cancer mortality in control counties without nuclear facilities. Cancer mortality
for Bingham, Butte, and Jefferson Counties, where INEL is located, was compared with nine control counties
in the same region, with similar demographic characteristics. The authors concluded that no general association
was detected between residents in a county with a nuclear facility and death attributable to leukemia or any other
form of cancer. The authors noted that interpretation of the study results is limited by the study’s ecological
approach in which the exposures of individuals are not known.

Cancer morbidity and mortality data in two additional counties near INEL, Clark and Minidoka, were reviewed
by the Idaho Department of Health and Welfare (ID DHW 1991a; ID DHW 1991b). Clark County lies northeast
of INEL and Minidoka County southwest of INEL. Cancer death rates were examined for the years 1950-1989
and cancer incidence rates for the years 1978-1987 to determine if any significant trends in cancer morbidity
and mortality could be observed in these counties compared with the entire State. No statistically significant
differences in age- and sex-adjusted death rates were observed in either county.

When cancer incidence data were considered, the overall cancer incidence rate in Clark County was higher than
expected based on the State of Idaho’s experience. When the Clark County data were examined by primary site,
only two sites were found to be significantly higher than expected—female breast cancer (8 cases observed vs.
3.2 expected, p=0.05) and lip cancer (3 cases observed vs. 0.4 expected, p=0.05). In Minidoka County, there
was no increase in overall cancer incidence rate compared with the entire State. Examination by primary sites
in Minidoka County, however, showed three cancer sites were found to be increased—cancer of the stomach
(20 cases observed vs. 11.6 expected, p=0.05), lip (23 cases observed vs. 8 expected, p=0.01), and uterus
(40 cases observed vs. 24.2 expected, p=0.01). These studies also suffered from the limitations inherent in
ecological studies. In addition, the authors noted that too many comparisons were made for “significant” results
and that the data for Clark County, with an estimated population of 800, were too small to make meaningful
analyses.

State Health Agreement Program

In 1991, INEL completed a historical dose reconstruction study to examine the impact of radioactive materials
released to the environment during INEL’s past operations. Subsequently, under the State Health Agreement
program managed by the DOE Office of Epidemiologic Studies, a grant was awarded to the State of Idaho to
convene an expert panel to review the final dose reconstruction report. The State panel evaluated the
environmental transport and dose assessment models used for the dose reconstruction and recommended that
additional work, involving public participation, be done to more fully examine offsite consequences (ID DHW
1993a).
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Workers
No occupational epidemiologic studies have been completed at INEL to date.

Memorandum of Understanding

DOE entered into a Memorandum of Understanding with the Department of Health and Human Services to
conduct health studies at DOE sites, and the Centers for Disease Control and Prevention became responsible for
conducting dose reconstructions in several host States, including Idaho. Under the Memorandum of
Understanding, Centers for Disease Control began a phased approach to determine the need for an expansion of
the dose reconstruction work initiated earlier and reviewed by the State of Idaho. The first part, data
identification retrieval, was completed in 1995. No decision about the need for additional phases of a dose
reconstruction for INEL has yet been reached. NIOSH is responsible for worker studies and is currently
conducting a cohort mortality study of the workforce with a projected completion date of September 1997

(IN DOE 1995e).
Epidemiologic Studies

DOE’s Office of Epidemiologic Studies has implemented an epidemiologic surveillance program at INEL to
monitor the health of current workers. This program will evaluate the occurrence of illness and injury in the
workforce on a continuing basis and the results will be issued in annual reports. The implementation of this
program will facilitate an ongoing assessment of the health and safety of INEL’s workforce and will help
identify emerging health issues.

Currently operational at a number of DOE sites, including production sites and R&D facilities, epidemiologic
surveillance uses routinely collected health data including descriptions of illness resulting in absences lasting 5
or more consecutive workdays, disabilities, and OSHA recordable injuries and illnesses abstracted from the
OSHA 200 log. These health event data, coupled with demographic data about the active workforce at the
participating sites, are analyzed to evaluate whether particular occupational groups are at increased risk of
disease or injury when compared with other workers at a site. As the program continues and data for an extended
period of time become available, time trend analysis will become an increasingly important part of the
evaluation of worker health. Monitoring the health of the workforce provides a baseline determination of the
illness and injury experience of workers and a tool for monitoring the effects of changes made to improve the
safety and health of workers. Noteworthy changes in the health of the workforce may indicate the need for more
detailed study or increased health and safety measures to ensure adequate protection for workers.

M.4.5 PANTEX PLANT

Surrounding Communities. A June 1994 study by the Texas Cancer Registry, Texas Department of Health,
showed significant increases in prostate cancer mortality among Potter County and Randall County males, and
leukemia mortality among Carson County males during the period 1981-1992 (TX DOH 1994a). There were
no statistically significant increases observed in site-specific cancer mortality among females during this period.
For cancer incidence during the period 1986-1992, no statistically significant excesses in males were seen;
however, cancer of the prostate was slightly elevated in Potter/Randall County males. Analysis of the four major
cell-specific types of leukemia, showed a significant excess in the incidence of chronic lymphocytic leukemia
among Potter/Randall County females. This study was conducted in Carson, Potter, and Randall Counties,
which are located near Pantex. This study focused only on cancers of the breast, prostate, brain, thyroid, and
leukemia, which were of specific concern to citizens in the area. Other radiation-associated cancers such as bone
and lung, were not included in this study. Although prostate cancer and chronic lymphocytic leukemia have not
been linked to radiation exposure, further follow-up to this study was recommended.

M-234



Health and Safety

Workers. An epidemiologic study of Pantex workers was published by Acquavella (HP 1985a:735-746). This
study compared total and cause-specific mortality for Pantex workers employed between 1951 and December
31, 1978, with expected cause-specific mortalities based on U.S. death rates. Significantly fewer deaths were
observed in the workforce than would be expected based on U.S. death rates for the following causes of death:
all cancers (SMR=0.72; 95 percent CI=0.64 0.81),arteriosclerotic heart disease (SMR=0.75; 95 percent
CI=0.61-0.91), and digestive diseases (SMR=0.46; 95 percent CI=0.22-0.85). No specific causes of death
occurred significantly more frequently than expected. Slightly elevated mortality ratios were observed for brain
cancer (SMR=1.36; 95 percent CI=0.37-3.47) and leukemia (SMR=1.28; 95 percent CI=0.35-3.27); neither
excess was statistically significant. The four deaths from brain cancer all occurred among those who had worked
at the plant less than 5 years. The four deaths from leukemia occurred with equal frequency among those who
had worked at the plant a short time and those who had worked more than 15 years.

Memorandum of Understanding. A follow-up of the 1985 mortality study of the Pantex workforce is planned.
The update will be conducted by NIOSH as part of a research program funded by DOE under a Memorandum
of Understanding with the Department of Health and Human Services. The followup study is scheduled to
commence either in late 1996 or early 1997. In addition, female workers at Pantex will be included in a NIOSH
funded multisite study of mortality among female nuclear weapons workers.

Epidemiologic Surveillance. DOE’s Office of Epidemiologic Studies’ Epidemiologic Surveillance Program
was implemented at Pantex in 1993 in order to monitor the health of current workers. This program evaluates
the occurrence of iliness and injury in the workforce on a continuing basis and issues the results of the ongoing
surveillance in annual reports. The program facilitates an ongoing assessment of the health and safety of the
site’s workforce and helps to identify any emerging health issues in a timely manner. Monthly data collection
began on January 1, 1994, and the results of the first complete year of epidemiologic surveillance will be
presented to workers and other site stakeholder groups in spring 1996.

Currently operational at a number of DOE sites, including production sites and R&D laboratories,
epidemiologic surveillance makes use of routinely collected health data including descriptions of illness
resulting in absences lasting five or more consecutive workdays, disabilities, and OSHA recordable injuries and
illnesses abstracted from the OSHA 200 log. These health event data coupled with demographic data about the
active workforce at the participating sites, are analyzed to evaluate whether particular occupational groups are
at increased risk of disease or injury when compared with other workers at a site. As the program continues and
data become available for an extended period of time, trend analysis will become an increasingly important part
of the evaluation of workers health. Monitoring for changes in the health of the work force provides both a
baseline determination of the illness and injury experience of workers and a tool for monitoring the effects of
changes made to improve the safety and health of workers. Noteworthy changes in the health of the workforce
may indicate areas in need of more detailed study or increased health and safety measures to ensure adequate
protection for workers.

M.4.6 OAK RIDGE RESERVATION

Surrounding Communities. The population-based National Cancer Institute mortality survey for selected
nuclear facilities (NIH Publication No. 90-874; JAMA 1991a:1403-1408) examined the cancer mortality in
communities near several nuclear facilities, including Anderson and Roane counties. No excess cancer mortality
was observed in the population living in the exposed counties when compared to the U.S. white male population
nor when compared to the population of the control counties (Blount, Bradley, Coffee, Jefferson, Hamblen, TN,
and Henderson, NC), nor when time trends were assessed.

Tennessee Medical Management, Inc. used data from the Tennessee Cancer Reporting System to compare
mortality and incidence data for counties near Oak Ridge, Tennessee, for the 3-year period 1988-1990 to the
U.S. population (TMM 1993a). For Oak Ridge, total deaths from all causes was significantly lower than
expected. For Anderson County, the observed number of deaths from uterine cancer and from cancer of
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respiratory and intrathoracic organs was statistically greater than expected and the number of deaths from brain
cancer, breast cancer, and all the other sites category were lower than expected for Anderson County. For Roane
County, the number of deaths from cancer of the respiratory and intrathoracic organs was statistically greater
than expected; the number of deaths from cancer of the digestive organs and the peritoneum, and from uterine,
lip, oral cavity, and pharynx cancer was lower than expected. :

Tennessee Medical Management, Inc. examined new (incident) cancer cases and identified the following
statistically significant: for Anderson County, the observed numbers of cases of cancer of the prostate and of
cancer of the lung and bronchus were greater than expected. Leukemia, stomach and small intestine cancers,
and cancers of the colon and intestinal tract were lower than expected. For Roane County, the number of cases
of cancer of the lung and bronchus was greater than expected. Non-Hodgkin’s lymphoma, female breast cancer,
esophageal cancer, cancer of the pancreas, and cancer in all sites were lower than expected. The only consistent
excess reported for both cancer mortality and cancer incidence was for cancer of respiratory and intrathoracic
organs.

Because of a concern for possible contamination of the population by mercury, the Tennessee Department of
Health and Environment conducted a pilot study in 1984 (TN DHE 1984a). The study showed no difference in
urine or hair mercury exposures (residence or activity in contaminated areas) compared to those with little
potential exposure. Mercury levels in some soils measured as high as 2,000 parts per million. Analysis of a few
soil samples showed that most of the mercury in the soil however, was inorganic, thereby lowering the
probability of bioaccumulation and health effects. Examination of the long-term effects of exposure to mercury
and other chemicals continues.

State Health Agreement Program. Under the State Health Agreement program managed by the DOE’s Office
of Epidemiologic Studies, a grant was awarded to the Tennessee Department of Health and Environment. The
purpose of the grant was to determine the extent of exposure to contaminants among workers and residents of
the surrounding community as a result of ORR operations and to assess the current status of health outcomes
and determine their potential association with these exposures.

A dose reconstruction feasibility study began in 1992 with the contract awarded by the State of Tennessee to
Chemrisk. The contractor performed extensive review of Oak Ridge documents and issued a report which
concluded that sufficient information exists to reconstruct past releases and offsite doses caused by radioactive
and hazardous materials. The report also concluded that doses from mercury, polychlorinated biphenyls,
radioactive iodine, and radioactive cesium may have been great enough to cause harmful health effects in offsite
population. Based on this information, a full dose reconstruction study was initiated in August 1994.

Other activities supported under the grant include: development of a birth defects registry; a quality
improvement program for the Tennessee cancer registry; a review and evaluation of the DOE occupational
medical program; and the implementation of a community participation/public information program.

Technical support to the State health department is provided by a 12 member Oak Ridge Health Agreement
Steering Panel. The Health Advisory Panel provides direction and oversight to those working on health studies,
ensures public input, and informs the public of activities related to the health studies. A representative of the
Centers for Disease Control and Prevention’s National Center for Environmental Health is a member of the
advisory panel. A representative from DOE serves as an “ex-officio” member.

Workers. Between 1943 and 1985, there were 118,588 male and female individuals of all races who were ever
employed in any of the Oak Ridge facilities. These included ORNL for nuclear research (also called the X-10
Facility), Y-12 under management of the Tennessee-Eastman Corporation (1943 to 1947) which produced
enriched uranium by the electromagnetic separation process, Y—12 under management of Union Carbide (1948
to 1984) which fabricated and certified nuclear weapons parts, and K-25 (Oak Ridge Gaseous Diffusion Plant)
which produced enriched uranium through the gaseous process. Analyses at the Oak Ridge facilities have been
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carried out mostly for white males, and for specific cohorts talking into consideration time-related exposure
risks.

Oak Ridge National Laboratory. The mortality experience of 8,375 white males employed at least a month
between 1943 and 1972 at ORNL was compared with the U.S. white male population using SMR analyses in a
1985 paper by Checkoway, et al. (BJIM 1985a:525-533). Increases in deaths from leukemia (SMR=1.49,
.16 observed; 95 percent Confidence Interval=0.31-4.38), cancer of the prostate (SMR=1.16, 14 observed,
11.9 expected), and Hodgkin’s disease (SMR=1.10, S observed, 3.7 expected) were observed, although none
were statistically significant. Dose response analyses were performed for all causes of death combined, all
cancers combined, leukemia, and prostate cancer comparing exposed worker death rates with non-exposed
worker death rates. Dosimetry data were available for the entire period of the study with the total population
external radiation dose measuring 135 Sv. No dose response gradients were observed. Death rates were
calculated for 11 different job categories by length of time in each job in an attempt to determine whether
specific work environments were related to cancer and leukemia. Leukemia mortality was observed to be related
to length of employment in engineering and maintenance jobs.

Follow-up of this cohort was extended through 1984 in an updated study by Wing et al. JAMA 1991a:1397-
1402). Again, death rates in the worker population were compared with those in the U.S. population. Non-
statistically significant increases were noted for cancers of the pancreas (SMR=1.09, 25 observed,
95 percent CI=0.71-1.61), prostate (SMR=1.05, 26 observed, 95 percent CI=0.68-1.53), brain (SMR=1.04, 15
observed, 95 percent CI=0.58-1.72), and lymphosarcoma and/or reticulosarcoma (SMR=1.05, 9 observed,
95 percent CI=0.48-1.99). There was a significant increase in deaths from leukemia (SMR=1.63, 28 observed,
95 percent confidence, interval 1.08-2.35). The total population external radiation dose was 144 Sv. Dose
response analyses performed for all causes except cancer, lung cancer, and leukemia did not demonstrate a
relationship between level of external radiation and increased risk of death from these outcomes. There was a
significant dose response relationship (4.94 percent per 10 milliSieverts) between cancer deaths and level of
external radiation dose using models with a 20-year lag. A subgroup of workers who were monitored for internal
contamination had non-statistically elevated SMRs for cancer of the prostate (SMR=1.12 10-observed),
95 percent CI=0.53-2.05 and lymphosarcoma and/or reticulosarcoma (SMR=1.65, 6 observed, 95 percent
CI=0.60-3.59). The workers monitored for internal contamination had a statistically significant elevated SMR
for leukemia (SMR=2.23, 16 observed, 95 percent CI=1.27-3.62).

A second publication on the above data set (Wing, et al), examined the effect of controlling for a number of
possible selection and confounding factors on the risk coefficient for all cancer dose responses (AJIM
1993a:265-279). Models were adjusted for the following variables with little change in the previously reported
risk coefficient: employment during the World War 11 era, short-term employment job category, and exposure
to beryllium lead, and mercury. The authors concluded that the previously calculated dose response estimate
was fairly stable when adjustments were made for a wide range of potential confounders that were not explored
in the earlier study.

Y-12 Plant. Y-12 is a nuclear weapons metals fabrication plant where the radiologic exposure of greatest
concern is internal exposure from the inhalation of uranium compounds. The Tennessee Eastman Corporation
managed the plant from 1943 to 1947. Polednak and Frome reported a follow-up through 1974 of all 18,869
white male workers employed at Y-12 from 1943 to 1947 (JOM 1981a:169-178). The workers included those
exposed to internal (“alpha”) and external (“beta”) radiation through the inhalation of uranium dusts, electrical
workers who performed maintenance in the exposed areas, and other non-exposed workers. Individual measures
of exposure were not available for any members of this cohort so exposure levels were inferred from plant areas
of work and jobs. High average air levels of uranium dust were documented in departments employing chemical
workers. Elevated SMRs were observed for mental, psychoneurotic, personality disorders (SMR=1.36, 33
observed, 24.2 expected), emphysema (SMR. 1.16, 100 observed, 85.9 expected), diseases of the bones and
organs of movement (SMR=1.22, 11 observed, 8.5 expected), lung cancer (SMR=1.09, 324 observed, 296.5
expected), and external causes of death (SMR=1.09, 623 observed, 571.8 expected). The lung cancer SMR was

M-237



Storage and Disposition of Weapons-Usable
Fissile Materials Final PEIS

greater among workers employed for 1 year or more compared with workers employed less than 1 year and was
more pronounced in workers hired at the age of 45 or older (SMR=1.51;95 percent CI 1.01-2.31). Of the
workers employed after the age of 44, the SMR for lung cancer was greatest for electrical workers (SMR=1.55,
7 observed, D=1.11), alpha chemistry workers (SMR=3.02, 7 observed, D=2.27) and beta process workers
(SMR=1.5, 11 observed, D=1.3).

During the early operation of Y-12, from 1942-1947, a group of male workers was exposed to phosgene gas on
a chronic basis (N=694) and a smaller group of males received acute exposures (N=106) along with a small
group of females (N=91) (ER 1980a:357-367; TIH 1985a:137-147). A control group of 9,280 workers who also
worked at Y-12 during the same era, but who did not have phosgene exposure, was also described. All groups
were followed through the end of 1978. The SMRs for the chronically-exposed group and the control group,
were similar for all causes examined. There was no evidence for increased mortality from respiratory diseases
in this group and the SMR for lung cancer, while elevated, was similar to the lung cancer SMR for workers in
the rest of the plant. Among those with acute exposures, the SMR for respiratory diseases was elevated
(SMR=2.66, 5 observed). This elevation may be related to residual lung damage from the acute phosgene
exposure. It was difficult to trace the vital status of the 91 women; therefore, description of these highly exposed
workers was limited to listing the frequency of their initial symptoms after exposure. As expected, nausea,
vomiting and cough were the most frequently reported symptoms. Unexpectedly, the women experienced a
lower frequency of pneumonitis than their male counterparts.

The portion of the Y-12 cohort employed between 1947 and 1974 was described by Checkoway et al. (AJE
1988a:255-266). This study included 6,781 white male workers first employed at Y-12 between 1947 and 1974
who were employed for at least 30 days. Mortality data were collected for the cohort through the end of 1979
and were used to perform SMR and cause specific dose-response analyses. Non-statistically significant
increases were observed for all cancers (SMR=1.01, 196 observed, 95 percent CI=0.88-1.17), diseases of the
blood-forming organs (SMR=1.48, 3 observed, 95 percent CI=0.31-4.38), kidney cancer (SMR=1.22, 6
observed, 95 percent CI=0.45-2.66), brain cancer (SMR=1.80, 14 observed, 95 percent CI=0.98 - 3.02), and
other lymphatic cancers (SMR=1.86, 9 observed, 95 percent CI=0.85-3.53). A statistically significant increase
in deaths from lung cancer (SMR=1.36, 89 observed; 95 percent CI=1.09-1.67) was observed compared with
the U.S. lung cancer rates, but not with Tennessee lung cancer rates (SMR=1.18, 95 percent CI=0.95-1.45).
Dose-response analyses for lung cancer and intemnal alpha radiation dose and external gamma radiation dose did
not reveal a positive relationship for a O-year or 10-year lag. Examination of lung cancer rates distributed across
both internal and external dose categories suggested a dose-response with external radiation dose among
individuals who had 5 or more rems of internal dose. Brain cancer was not related to the level of internal or
external radiation dose.

The Y-12 cohort studied by Checkoway was updated through the end of 1990 by Loomis and Wolf and included
African-American and white female workers (AJIM 1996a:131-141). The dose-response analyses were not
included in the update; therefore, only SMR analyses are reported. For all workers examined as a group, non-
statistically significant elevations were observed for cancer of the pancreas (SMR=1.36, 34 observed,
95 percent CI=0.94-1.90), skin cancer (SMR)=1.07, 11 observed, 95 percent CI=0.54-1.92), breast cancer
(females only, SMR=1.21, 11 observed, 95 percent CI=0.60-2.17), prostate cancer (SMR)=1.31, 36 observed,
95 percent CI=0.91-1.81), kidney cancer (SMR=1.30, 16 observed, 95 percent CI=0.74-2.11), brain cancer
(SMR=1.29, 20 observed 95 percent CI=0.79-2.00), cancers of other lymphatic tissues (SMR=1.32, 22
observed, 95 percent CI=0.82-1.99) and diseases of the blood forming organs (SMR=1.23, 6 observed,
95 percent CI=0.45-2.68). The SMR for lung cancer was statistically significant (SMR=1.17, 202 observed;
95 percent Cl 1.01-1.34), particularly in the white male segment of the population (SMR=1.20, 194 observed
95 percent CI=1.04-1.38). Examination of the lung cancer mortality by year of hire, latency, duration of
employment and calendar year at risk indicated the excess was confined to those who were first hired before
- 1954 (SMR=1.27, 161 observed), and was greatest in persons employed 5 to 20 years with 10 to 30 years of
follow-up. Elevated lung cancer deaths rates were first evident between 1955 and 1964 and continued to increase
from 1975 to 1979, followed by a decrease in lung cancer death rates.
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Between 1953 and 1963, Y-12 used mercury in a process to produce large quantities of enriched lithium. Cragle
et al. studied all workers employed at Y-12 at least 5 months between January 1, 1953 and April 30, 1958
(N=5,663) (JOM 1984a:817-821). This group was categorized into workers exposed to mercury and workers
not exposed to mercury based on results of urinalysis data supplied by the plant. Vital status follow-up was
complete through the end of 1978, and SMRs were calculated. Compared with non-exposed workers, there were
no differences in the mortality patterns for mercury exposed workers as a whole, workers with the highest
mercury exposures, and workers employed more than a year in a mercury process. The authors acknowledge
that mortality is not the optimal end point to assess health effects related to mercury exposure.

The mercury workers were involved in a clinical study by Albers et al. who examined 502 Y-12 workers, 247
of whom worked in the mercury process 20 to 35 years prior to the examination (AN 1988a:651-659).
Correlations between declining neurological function and increasing exposure were identified. An exposure
assessment was determined for each mercury worker during the time of employment in the mercury process.
Study subjects who had at least one urinalysis equal or greater than 0.6 mg./L. of mercury showed decreased
strength, coordination and sensations along with increased tremor, and prevalence of Babinski and snout
reflexes when compared with the 255 unexposed workers. Clinical polyneuropathy was associated with the
level, of the highest exposure, but not with the duration of exposure.

K-25 Site. The K-25 Site enriched uranium beginning in 1945 using a gaseous diffusion process. There was
potential exposure to uranium dust, oxidized uranium compounds, uranium hexafluoride, and a number of
chemical compounds used in the process. In later years of operation, the gas centrifuge process was used to
enrich uranium. No analyses of death rates for this population have been published; however, health effects have
been studied.

Powdered nickel was used at K-25 in the production of the barrier material used to separate and enrich uranium.
Workers who fabricated the barrier material were exposed to nickel powder through inhalation. Cragle et al.
updated an earlier study by Godbold et al. of 814 workers who were employed in the manufacture of barrier
material between 1948 and 1953 (JOM 1979a:799-806); (IARC 1984a:57-63). A comparison group of white
males employed at K-25 sometime between 1948 and 1953 (N=7,552) was also selected. The SMRs in the
barrier group were similar to those in the non-barrier worker group for most non-cancer outcomes. The nickel
workers were noted to have a higher rate of death from cancers of the buccal cavity and pharynx (SMR=2.92, 3
observed, 95 percent CI=0.59-8.54) than the non-nickel workers (SMR=0.23, 3 observed, 95 percent CI=0.05-
0.67). When the standardized rates were directly compared, the rate of buccal cavity and pharynx cancer in the
nickel workers was approximately 19 times higher than the rate in the non-nickel workers. The authors
acknowledge that the number of cases is quite small and recommended additional follow-up to determine if this
trend continued. There were no nasal sinus cancers observed in the worker population exposed to metallic nickel
in contrast to the results of studies of workers in nickel refineries where the rates of sinus cancer related to nickel
compounds are quite high.

K-25 workers employed in the gas centrifuge process were the focus of an interview study by Cragle et al.
(AOEH 1992a:826-834). The study was conducted in order to determine the incidence rate for cancer and illness
symptoms among workers exposed to epoxy resin and solvents prevalent in the process. A total of 263 workers
determined to have worked closest and longest to the process were compared with 271 employees employed at
the plant during the same time, but did not work in the centrifuge process. The centrifuge workers and the non-
centrifuge workers had similar overall cancer incidence rates. However, the centrifuge workers reported five
incident bladder cancers versus none reported by the non-centrifuge group. The centrifuge workers also reported
significantly more rashes, dizziness, and numb or tingling limbs during employment, which are symptoms
associated with high solvent exposure. One of the epoxy resins used in the early years of the process was a
potential bladder carcinogen, but none of the workers with bladder cancer had jobs that required routine, hands-
on work with that material. A specific causative agent for the increase in bladder cancer was not identified.
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Combined-Oak Ridge Reservation Facilities. Frome et al. reported on the mortality experience of World War II
workers employed at three ORR facilities between 1943 and 1947 (RR 1990a:138-152). Poisson regression
analyses were used to control for potential confounders such as facility of employment, socioeconomic status,
period of follow-up, and birth year. The cohort included white males employed at any ORR facility at least 30
days between the start of the operation and 1947 and were never employed at an ORR facility after 1947
(N=28,008). Elevated mortality was statistically significant for all causes (SMR=1.11, 11,671 observed,
10,537 expected; standard deviation (sd)=1), tuberculosis (SMR=1.37, 108 observed, 78 expected; sd=10.2),
mental, psychoneurotic, and personality disorders (SMR=1.60, 81 observed, 50 expected; sd=10.2),
cerebrovascular disease (SMR 1.11, 833 observed, 753 expected; sd=3.9), diseases of the respiratory system
(SMR=1.25, 792 observed, 634 expected; sd=4.4), emphysema (SMR=1.24, 209 observed, 168 expected;
sd=8.4), all accidents (SMR=1.28, 694 observed, 542 expected, sd=3.8), and motor vehicle accidents
(SMR=1.44, 339 observed, 235 expected; sd=5.5). The only elevated site specific cancer that was statistically
significant was lung cancer (SMR=1.27, 850 observed, 667 expected, sd=4.4, p<0.01). A surrogate for radiation
exposure based on a workers job and department was used to indicate the probability of exposure. This surrogate
for actual radiation exposure was not associated with increased rates of cancer.

Carpenter investigated earlier reports of an association between brain cancer and employment at Y-12 by
conducting a case-control study of workers employed between 1943 and 1977 at ORNL or Y-12 (JOM
1987a:601-604). Cases consisted of 72 white males and 17 white females with brain cancer. Four controls were
selected for each case matched on age, sex, cohort, year of birth, and year of hire. Analyses with respect to
internal and external radiation exposures indicated no association with brain cancer. Two companion papers
were also published from this case-control study, one examined relationships between brain cancer and
chemical exposures, and the other examined non-occupational risk factors (AJIM 1988a:351-362); (AJPH
1987a:1180-1182). No statistically significant association between the use of 26 chemicals evaluated and the
risk of brain cancer was observed. The chemicals evaluated included those encountered in welding fumes,
beryllium, mercury, 4,4-methylene is 2-chloroaniline or MOCA, cutting oils, thorium, methylene chloride, and
other solvents. Excess brain cancer was observed among individuals employed for more than 20 years (odds
ratio=7.0, 9 cases; 95 percent Cl 1.2-41.1). Analysis of 82 cases with complete medical records revealed an
association with a previous diagnosis of epilepsy (odds ratio=5.7, 4 cases; 95 percent. CI=1.0-32.1) recorded
for pre-employment and health status follow-up.

Causes of death among white male welders (N=1,059) employed between 1943 and 1973 at Y-12, the K-25
Site, and ORNL were studied by Polednak (AEH 1981a:235-242). Based on deaths reported through 1974,
mortality from all causes for welders was slightly lower than that expected based on death rates for U.S. white
males (SMR=0.87, 173 observed, 199 expected, 95 percent CI=0.75-1.01). Non-statistically significant
decreases in mortality were also observed for all cancers (SMR=0.88, 32 observed, 36.57 expected, 95 percent
CI=0.60-1.23), especially digestive cancer (SMR=0.49, 5 observed, 10.3 expected, 95 percent CI=0.16-1.14);
diseases of the circulatory system (SMR=0.74, 72 observed, 97.51 expected, 95 percent CI=0.58-0.94); diseases
of the digestive system (SMR=0.76, 9 observed, 11.86 expected 95 percent, CI=0.35-1.4), and accidents
(SMR=0.89, 16 observed, 17.86 expected, 95 percent CI=0.51-1.44). Non-statistically significant increases
were noted for lung cancer (SMR=1.50, 17 observed, 11.37 expected, 95 percent CI=0.87-2.40); diseases of the
respiratory system (SMR=1.33, 13 observed, 9.77 expected, 95 percent CI=0.71-2.27), especially emphysema
(SMR=2.21, 6 observed, 2.71 expected, 95 percent CI=0.81-4.82); and suicide (SMR=1.64, 10 observed, 6.09
expected; 95 percent CI=0.79 - 3.02). A subgroup of welders (N=536) exposed to nickel oxides (possible
respiratory carcinogens) at K-25 were compared with welders at the other two facilities (N=523). The risk of
lung cancer and other respiratory diseases did not differ between the two groups.

Combined Nuclear Sites. ORR workers have been included in several studies that have examined occupational
risks across the nuclear complex, both in the United States and internationally. These combined studies have
been undertaken in an attempt to increase the statistical power of the studies to detect the effects of low-level

chronic radiation exposure.
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Y-12 workers were included in a lung cancer case-control study of workers from the Fernald Feed Materials
and Production Center cohort and the Mallinckrodt Chemical Works cohort. Dupree et al. conducted a nested
case-control study of lung cancer (N=787) to investigate the relationship between lung cancer and uranium dust
exposure (Epidemiology 1995a:370-375). Eligible cases were employed at least 183 days in any of the facilities
and died before January 1, 1983, with lung cancer listed anywhere on the death certificate. Inclusion of deaths
through 1982 allowed over 30 years of observation at each facility. One control was matched to each case on
facility, race, gender, and birth and hire dates within three years. Data collected on all study members included
smoking history, first pay code (a surrogate for socioeconomic status), complete work histories and occupational
radiation monitoring records. Annual radiation lung dose from deposited uranium was estimated for each study
member. Annual external whole body doses from gamma radiation were determined for workers who had
personal monitoring data available. Potential confounders considered in the analysis were smoking (ever/never
used tobacco) and pay code (monthly/non-monthly). With a 10-year lag, cumulative lung doses ranged from 1
to 137 centigays (cGy) for cases and from 0 to.80 cGy for controls. The odds ratios for lung cancer mortality
for seven cumulative internal dose groups did not demonstrate increasing risk with increasing dose. An odds
ratio of 2.0 was estimated for those exposed to 25 cGy or more, but the 95 percent confidence interval of 0.20
to 20 showed great uncertainty in the estimate. There was a suggestion of an exposure effect for workers hired
at age 45 years or older.

A combined site mortality study included workers from ORNL, the Hanford Site and the Rocky Flats Plant
(RR 1993a:408-421). Earlier analyses of these cohorts by Gilbert et al. indicated that risk estimates calculated
through extrapolation from high-dose data to low-dose data did not seriously underestimate risks of exposure
to low-dose radiation (AJE 1990a:917-927; RR 1989a:19-35). The updated analyses were performed in order
to determine whether the extrapolated risks represented an over-estimation of the true risk at low doses. The
study population consisted of white males employed at one of the three facilities for at least six months and
monitored for external radiation. The Hanford population also included females and non-white workers. The
total population dose was 1,237 Sv. Analyses included trend tests for site specific cancer deaths and several
broad non-cancer categories. Statistically significant trends were noted for cancer of the esophagus, cancer of
the larynx, and Hodgkin’s disease. These cancers were not related to radiation exposure levels in previously
published studies. Excess relative risk models were calculated for the combined DOE populations and for each
DOE site separately. Without exception, all risk estimates included the possibility of zero risk (that is, the
confidence interval for the risk coefficient went from below zero to above zero). There was evidence of an
increase in the excess relative risk for cancer with increasing age in the Hanford and ORNL population; both
populations showed significant correlations of all cancer with radiation dose among those 75 years and older.

An international effort to pool data from populations exposed to external radiation included the ORNL
population in addition to other radiation worker populations in the United States, Canada, and Britain
(RR 1995a:117-132). The cohort comprised 95,673 workers (85.4 percent men) employed 6 months or longer
and the population dose was 3,843.2 Sv. There was no evidence of an association between radiation dose and
mortality from all causes or from all cancers. There was a significant dose-response relationship with leukemia,
excluding chronic lymphocytic leukemia (excess relative risk=2.18 per SV, 90 percent CI=0.1-5.7) and multiple
melanoma (excess relative risk not computed; 44 observed). The study results do not suggest that current
radiation risk estimates for cancer at low levels of exposure are appreciable in error.

Memorandum of Understanding. The Department entered into a Memorandum of Understanding with the
Department of Health and Human Services to conduct health studies at DOE sites. NIOSH is responsible for
the conduct or management of worker studies.

The following studies at the ORR are managed by NIOSH with funding from DOE: a study of multiple
myeloma among workers at the K-25 Plant at Oak Ridge (expected completion date 1996); a multisite study to
assess the potential association: between paternal exposure to ionizing radiation and the risk of leukemia in
offspring of exposed male workers; a study of neurologic health outcomes in workers exposed to high levels of
mercury between 1953 and 1963; studies of mortality among Oak Ridge workers; a multisite study of mortality
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among female nuclear workers; a multi-site exposure assessment of hazardous waste/cleanup workers; a chronic
beryllium disease study; and a multi-site study of heat stress and performance among carpenters.

M.4.7 SAVANNAH RIVER SITE

The Savannah River Site, established in 1953 in Aiken, SC, produced Pu, tritium, and other nuclear materials.
There are reports that millions of curies of tritium have been released over the years both in plant exhaust plumes
and in surface and groundwater streams (ED 1982a:135-152).

Surrounding Communities. In 1984, Sauer and Associates examined mortality rates in Georgia and South
Carolina by distance from the Savannah River Plant (now known as the SRS) (SR duPont 1984b). Rates for
areas near the plant were compared with U.S. rates and with rates for counties located more than 50 miles away.
Breast cancer, respiratory cancer, leukemia, thyroid cancer, bone cancer, malignant melanoma of the skin, non-
respiratory cancer, congenital anomalies or birth defects, early infancy death rates, stroke, or cardiovascular
disease in the populations living near the plant did not show any excess risk compared with the reference
populations.

State Health Agreement Program. Under the State Health Agreement program managed by the DOE Office
of Epidemiologic Studies, a grant was awarded to the Medical University of South Carolina in 1991 to develop
the Savannah River Region Health Information System. The purpose of the Savannah River Region Health
Information System database was to assess the health of populations surrounding SRS by tracking cancer rates
and, birth defect rates in the area. Information from the registry is available to public and private health care
providers for use in evaluating cancer control efforts. A steering committee provides advice to the Savannah
River Region Health Information System and communicates public concerns to Savannah River Region Health
Information System. It consists of 12-community members and persons with technical expertise representing
South Carolina and Georgia. The meetings are open to the public.

Workers. A descriptive mortality study was conducted that included 9,860 white male workers who had been
employed at least 90 days at the Savannah River Plant between 1952 and the end of 1974 (AJIM 1988b:370-
401). Vital status was followed through the end of 1980 and mortality was compared with the U.S. population.
SMRs were computed separately for hourly and salaried employees. For hourly employees non-statistically
significant increases were seen for cancer of the rectum (SMR=1.09, 5 observed, 95 percent CI=0.35-2.54),
cancer of the pancreas (SMR=1.08, 10 observed, 95 percent CI=0.59-2.18), leukemia and aleukemia
(SMR=1.63, 13 observed, 95 percent CI=0.87-2.80), other lymphatic tissue (SMR=1.06, 5 observed, 95 percent
CI=0.34-2.48), benign neoplasms (SMR=1.33, 4 observed, 95 percent CI=0.36-3.40), and motor vehicle
accidents (SMR=1.10, 63 observed, 95 percent CI=0.84-1.4). Salaried employees exhibited non-statistically
significant increases in cancer of the liver (SMR=1.84, 3 observed, 95 percent CI=0.38-5.38), cancer of the
prostate (SMR=1.35, 5 observed, 95 percent CI=0.44-3.16), cancer of the bladder-(SMR=1.87, 4 observed,
95 percent CI=0.51 4.79), brain cancer (SMR=1.06, 4,observed, 95 percent CI=0.29-2.72), leukemia and
aleukemia (SMR=1.05, 4 observed, 95 percent CI=0.29-2.69), and other lymphatic tissue (SMR=1.23, 3
observed, 95 percent CI=0.26-3.61). No trends between increasing duration of employment and SMRs were
observed. A statistically significant excess of leukemia deaths was observed for hourly workers employed at
least S, but less than 15 years (SMR=2.75, 6 observed, 95 percent CI=1.01-5.99). Review of the plant records
and job duties of the workers who died from leukemia indicated that two of the cases had potential routine
exposure to solvents, four had potential occasional exposure to solvents and one had potential for minimal
exposure. Benzene, a known carcinogen was reportedly not used at the plant.

Epidemiologic Studies. The Department’s Office of Epidemiologic Studies has implemented an Epidemiologic
Surveillance Program at SRS to monitor the health of current workers. This program will evaiuate the
occurrence of illness and injury in the workforce on a continuing basis and the results will be issued in annual
reports. The implementation of this program will facilitate an ongoing assessment of the health and safety of
SRS’s workforce and will help identify emerging health issues.
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among female nuclear workers; a multi-site exposure assessment of hazardous waste/cleanup workers; a chronic
beryllium disease study; and a multi-site study of heat stress and performance among carpenters.

M.4.7 SAVANNAH RIVER SITE

The Savannah River Site, established in 1953 in Aiken, SC, produced Pu, tritium, and other nuclear materials.
There are reports that millions of curies of tritium have been released over the years both in plant exhaust plumes
and in surface and groundwater streams (ED 1982a:135-152).

Surrounding Communities. In 1984, Sauer and Associates examined mortality rates in Georgia and South
Carolina by distance from the Savannah River Plant (now known as the SRS) (SR duPont 1984b). Rates for
areas near the plant were compared with U.S. rates and with rates for counties located more than 50 miles away.
Breast cancer, respiratory cancer, leukemia, thyroid cancer, bone cancer, malignant melanoma of the skin, non-
respiratory cancer, congenital anomalies or birth defects, early infancy death rates, stroke, or cardiovascular
disease in the populations living near the plant did not show any excess risk compared with the reference
populations.

State Health Agreement Program. Under the State Health Agreement program managed by the DOE Office
of Epidemiologic Studies, a grant was awarded to the Medical University of South Carolina in 1991 to develop
the Savannah River Region Health Information System. The purpose of the Savannah River Region Health
Information System database was to assess the health of populations surrounding SRS by tracking cancer rates
and, birth defect rates in the area. Information from the registry is available to public and private health care
providers for use in evaluating cancer control efforts. A steering committee provides advice to the Savannah
River Region Health Information System and communicates public concerns to Savannah River Region Health
Information System. It consists of 12-community members and persons with technical expertise representing
South Carolina and Georgia. The meetings are open to the public.

Workers. A descriptive mortality study was conducted that included 9,860 white male workers who had been
employed at least 90 days at the Savannah River Plant between 1952 and the end of 1974 (AJIM 1988b:370-
401). Vital status was followed through the end of 1980 and mortality was compared with the U.S. population.
SMRs were computed separately for hourly and salaried employees. For hourly employees non-statistically
significant increases were seen for cancer of the rectum (SMR=1.09, 5 observed, 95 percent CI=0.35-2.54),
cancer of the pancreas (SMR=1.08, 10 observed, 95 percent CI=0.59-2.18), leukemia and aleukemia
(SMR=1.63, 13 observed, 95 percent CI=0.87-2.80), other lymphatic tissue (SMR=1.06, 5 observed, 95 percent
CI=0.34-2.48), benign neoplasms (SMR=1.33, 4 observed, 95 percent CI=0.36-3.40), and motor vehicle
accidents (SMR=1.10, 63 observed, 95 percent CI=0.84-1.4). Salaried employees exhibited non-statistically
significant increases in cancer of the liver (SMR=1.84, 3 observed, 95 percent CI=0.38-5.38), cancer of the
prostate (SMR=1.35, 5 observed, 95 percent CI=0.44-3.16), cancer of the bladder-(SMR=1.87, 4 observed,
95 percent CI=0.51 4.79), brain cancer (SMR=1.06, 4,observed, 95 percent CI=0.29-2.72), leukemia and
aleukemia (SMR=1.05, 4 observed, 95 percent CI=0.29-2.69), and other lymphatic tissue (SMR=1.23, 3
observed, 95 percent CI=0.26-3.61). No trends between increasing duration of employment and SMRs were
observed. A statistically significant excess of leukemia deaths was observed for hourly workers employed at
least S, but less than 15 years (SMR=2.75, 6 observed, 95 percent CI=1.01-5.99). Review of the plant records
and job duties of the workers who died from leukemia indicated that two of the cases had potential routine
exposure to solvents, four had potential occasional exposure to solvents and one had potential for minimal
exposure. Benzene, a known carcinogen was reportedly not used at the plant.

Epidemiologic Studies. The Department’s Office of Epidemiologic Studies has implemented an Epidemiologic
Surveillance Program at SRS to monitor the health of current workers. This program will evaiuate the
occurrence of illness and injury in the workforce on a continuing basis and the results will be issued in annual
reports. The implementation of this program will facilitate an ongoing assessment of the health and safety of
SRS’s workforce and will help identify emerging health issues.
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Currently operational at a number of DOE sites, including production sites and R&D facilities, epidemiologic
surveillance uses routinely collected health data including descriptions of illness resulting in absences lasting 5
or more consecutive workdays, disabilities, and OSHA recordable injuries and illnesses abstracted from the
OSHA 200 log. These health event data, coupled with demographic data about the active workforce at the
participating sites, are analyzed to evaluate whether particular occupational groups are at increased risk of
disease or injury when compared with other workers at a site. As the program continues and data for an extended
period of time become available, time trend analysis will become an increasingly important part of the
evaluation of worker health. Monitoring the health of the workforce provides a baseline determination of the
illness and injury experience of workers and a tool for monitoring the effects of changes made to improve the
safety and health of workers. Noteworthy changes in the health of the workforce may indicate the need for more
detailed study or increased health and safety measures to ensure adequate protection for workers.

Memorandum of Understanding. The Department entered into a Memorandum of Understanding with the
Department of Health and Human Services to conduct health studies at DOE sites. The Centers for Disease
Control and Prevention’s National Center for Environmental Health is responsible for dose reconstruction
studies and NIOSH is responsible for worker studies. These activities are funded by DOE.

A study of mortality among SRS workers employed from 1952 to 1974 to examine whether risks of death due
to selected causes may be related to occupational exposures at SRS is being conducted by NIOSH. SRS is also
included in several multisite studies managed by NIOSH. The first study is to assess the potential association
between paternal work-related exposure to ionizing radiation and the risk of leukemia in offspring of exposed
male workers. The second study is to examine causes of death among female workers at nuclear weapons
facilities to develop risk estimates based on exposures to external and internal ionizing radiation and to
hazardous chemicals. A third multi-site project is a case-control study of multiple myeloma; a type of blood cell
cancer.

A dose reconstruction project around SRS is being conducted by the National Center for Environmental Health
to determine the type and amount of contaminants to which people living around the site may have been
exposed, to identify exposure pathways of concern and to quantify the doses people may have received as a
result of SRS operations. The estimated completion date is 1999 or 2000.

M.4.8 ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE
Surrounding Communities

Johnson examined cancer incidence from 1969 to 1971 among non-Hispanic whites in the Denver area to
determine if exposure to a small concentration of Pu and other radionuclides had increased the incidence of
cancer (Ambio 1981a:176-182). The authors categorized census tracts into four areas based on Pu isotope
concentrations in soil from a 1970 Atomic Energy Commission survey. The highest concentrations of Pu were
closest to the Rocky Flats Plant (Area I) and decreased with distance from the plant (Areas II & III). Area IV
was considered unexposed. The study calculated cancer incidence rates for each of the four areas. To account
for confounding factors, median income and education levels of the study and control populations derived from
1970 census data also were considered.

Cancer incidence appeared to be inversely proportional to the distance from Rocky Flats. Among males, total
cancer incidence for 1969-1971 was significantly elevated by 24 percent in Area I and by 15 percent in Area II
compared with Area IV. Among women, total cancer incidence was 10 percent higher in Area I than Area IV.
When specific cancer sites for each area were compared with Area IV, cancer of the lung and bronchus was
significantly elevated in men by 33 percent in Area I and by 46 percent in Area II. Cancers of the colon and
rectum were significantly elevated in men by 47 percent and in women by 37 percent in Area I. Leukemia was
significantly elevated in women in Area III by 58 percent. There were 18 percent fewer leukemia cases than
expected among women in Area 1. Cancer of the tongue, pharynx, and esophagus was significantly elevated in
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men by 139 percent and in women by 257 percent in Area II. Men in Area II also had significant elevations in
liver, gallbladder, and testicular cancers. The author concluded that over the study period, cancer incidence
increased with increasing Pu soil concentrations and that exposure of the public to low concentrations of Pu and
other radionuclides may effect the incidence of total and radiation-related cancer.

To further investigate these reported geographic correlations between Rocky Flats and cancer incidence
patterns, Crump et al. re-examined cancer incidence data for the 3-year period studied by Johnson, 1969 to
1971, and also analyzed data from a later period, 1979-1981 (AJE 1987b:127-135). Crump et al. used the same
concentration contours for soil Pu contamination as the Johnson study and computed gender- and age-specific
cancer rates for each of the four exposure areas. As in the previous study, Area I, with the highest exposure, was
closest to Rocky Flats; Area IV was most distant.

The authors’ findings paralleled the earlier results of Johnson for 1969-1971. For 1979-1981, significant
positive trends were observed in males for total cancer, “radiosensitive cancer,” as defined by BEIR III, and
respiratory cancer; and in females for total cancer, radiosensitive cancer, and digestive cancer. Whereas cancer
incidence tended to decrease with increasing distance from the Rocky Flats Plant for the 1969-1971 study
period, cancer incidence in the 1979-1981 time period was lower in Area I, closer to Rocky Flats, than for
Area II in six of the cancer sites studied.

To examine the possible effects of urbanization on cancer incidence, census tracts were then grouped by
distance from the State Capitol Building. Total cancer incidence was higher nearer to downtown Denver and the
State Capitol for males in the earlier period, and for both sexes in the later period. Cancer incidence rates were
found to decrease in all directions as one moved away from the State Capitol, including the direction of Rocky
Flats. After controlling for distance from the Capitol, the statistically significant association of increases in
various cancers among those living near Rocky Flats disappeared.

The authors then compared that part of Area I closest to Rocky Flats (within 16 km) to the whole Denver
metropolitan area. No excess was seen for either males or females during either study period for total cancer,
radiosensitive cancer, or respiratory cancer.

Crump et al. concluded that this study did not support a correlation between environmental exposure to Pu from
Rocky Flats and cancer incidence; correlations of cancer incidence with proximity to Rocky Flats disappeared
for both time periods when analyses took into account the levels of urbanization.

Jablon et al. analyzed cause, gender, race, and age-specific cancer mortality from 1950 through 1984 in residents
who lived near 62 nuclear facilities throughout the United States (JAMA 1991a:1403-1408). Each of 107
counties with or near nuclear installations, including Jefferson County, where Rocky Flats is located, was
matched to three control counties in the same region, without nuclear facilities. The matching criteria included
population size, age, race, urban/rural differences, manufacturing, education, income, migration, and infant
death rates. The authors concluded that the survey did not detect any general association between residence in
a county with a nuclear facility and death attributable to leukemia or any other form of cancer. The authors noted
that interpretation of the study results is limited by its ecologic approach in which the exposures of individuals
are not known.

State Health Agreement Program

Under the State Health Agreement program managed by the DOE Office of Epidemiologic Studies, a grant was
awarded to the Colorado Department of Public Health and Environment for the performance of an offsite
historical dose reconstruction. Due to be completed by 1998, this study includes a thorough examination of
major fires and other events releasing Pu from Rocky Flats, estimates of resulting risks due to exposure to Pu
and other environmental releases, as well as extensive support of cancer and birth defects registries and public
involvement activities.
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Workers

Voelz et al. conducted a historical cohort mortality study of 7,112 white male workers ever employed at Rocky
Flats between 1952 and 1979 (HP 1983b:493-503).

Cause specific death rates in workers were compared with those in the U.S. white male population adjusted for
age and calendar year. Statistically significant fewer deaths were observed than expected based on rates in the
U.S. population from all causes (SMR=0.54, 95 percent CI=0.49-0.60), all cancers (SMR=0.64, 95 percent
CI=0.52 0.77), digestive organs/peritoneal cancer (SMR=0.66, 95 percent CI=0.44-0.95), and respiratory
cancer (SMR=0.58, 95 percent CI=0.40-0.80). Benign and unspecified neoplasms were the only cause of death
significantly elevated in these workers with eight cases observed, (SMR=3.32, 95 percent CI=1.43-6.53). All
eight tumors were ‘intracranial. The cohort was then stratified by exposure to Pu. Among Pu exposed workers,
significantly fewer deaths than expected were observed from all causes of death (SMR=0.38, 95 percent
CI=0.31-0.46), all malignant neoplasms (SMR=0.41, 95 percent CI=0.23-0.59), and respiratory cancer
(SMR=0.20, 95 percent CI=0.05-0.52). No cases of bone cancer were observed. Workers not exposed to Pu also
showed significantly fewer deaths from all causes and all cancers.

Workers exposed to external radiation had significantly fewer deaths from all causes (SMR=0.49, 95 percent
CI=0.43-0.54), all cancers (SMR=0.58, 95 percent CI=0.46-0.73), and respiratory cancer (SMR=0.57,
95 percent CI=0.37-0.83) than expected when compared with U.S. white males. Six of the total eight cases of
benign and unspecified neoplasms occurred in workers exposed to external radiation. Two occurred in those
exposed to Pu.

To investigate whether brain tumor mortality was associated with exposure to internally deposited Pu or external
radiation, Reyes et al. conducted a case-control study of all primary brain tumor deaths that occurred among
white males who had been employed at Rocky Flats between 1952 and 1977, and died between 1952 and 1980
(JOM 1984b:721-725). Sixteen cases were identified. Four controls were matched to each case on year of birth
and period of employment. Demographic data and detailed work histories were obtained from employment
records. Exposure data for internally deposited Pu and external radiation data were obtained from Rocky Flats
Plant health physics records.

No statistically significant association was found between brain tumor mortality and exposure to Pu or
cumulative external radiation exposure. No significant dose response trends were observed for any job or work
area. The authors noted that the study was limited by the small number of cases in the study and the small
proportion (10 percent) of the cohort who had died.

Tietjen presented mortality data on all causes of death, all cancer deaths, and lung cancer deaths for Rocky Flats
workers with exposures greater than 74 Bq (2.0 nanocuries [nCi]) (HP 1987a:625-628). No excess mortality
was observed, with fewer deaths from all causes (SMR=0.70, 95 percent CI=0.54-0.89) and lung cancer
(SMR=0.14, 95 percent CI=0.0-0.76) than expected compared with U.S. rates. When compared to an internal
comparison group, the Risk Ratio (RR) for mortality from all causes was 1.16 (95 percent CI=0.89-1.52) and
for lung cancer it was 0.21 (95 percent CI=0.03-1.26).

To further elucidate the risks from exposure to low levels of Pu and external radiation, Wilkinson et al. studied
the cohort of workers employed at Rocky Flats between 1952 and 1979 (AJE 1987d:231-250). The analyses
were limited to 5,413 white males who were employed for at least 2 years at Rocky Flats. Workers with
cumulative exposures >1 rem were considered exposed to external radiation; those with body burdens 22 nCi
were considered exposed to Pu. '

Compared with death rates among white males in the United States, significantly fewer deaths were observed
than expected from all causes (SMR=0.62, 90 percent CI=0.57-0.68), all cancers (SMR=0.71, 90 percent
C1=0.59-0.84), diseases of the circulatory system (SMR=0.61, 90 percent CI=0.54-0.69), accidents, poisonings,
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and violence (SMR=0.65, 90 percent CI=0.51-0.81). As reported earlier by Voelz et al., benign and unspecified
neoplasms were the only cause of death significantly elevated (SMR=3.16, 90 percent Cl=1.77-7.07). Workers
with Pu body burdens of 22 nCi were then compared with workers with less exposure. As cancers take varying
times to develop, analyses were conducted considering induction periods of 2, 5, and 10 years. No significant
excesses were seen for a 2-year induction period. After a 5-year induction period, significant increases from all
causes (RR=1.33, 90 percent CI=1.05-1.68) and lymphopoietic cancer (RR=9.86, 90 percent CI=1.26-94.03)
were observed. After 10 years, the excess in death from leukemia was no longer statistically significant
(RR=5.22, 90 percent CI=0.57-38.8).

Similar analyses were conducted for workers who received 1 rem or more of external radiation compared with
workers less exposed. Workers with 21 rem had statistically significant fewer deaths from all cancers, when
compared with those with <1 rem. No dose-response relationships for Pu or external radiation were found. The
authors noted nonstatistically significant increases in myeloid leukemia, lymphosarcoma and reticulum cell
sarcoma, liver neoplasms, and unspecified brain tumors in workers with 21 rem of external radiation compared
with workers with <1 rem.

Gilbert et al. conducted a combined cohort mortality analysis of white male workers employed at Hanford, Oak
Ridge, or Rocky Flats for at least 6 months and monitored for exposure to external radiation (RR 1989a:19-35).
Analyses for Rocky Flats were based on the same vital status and cause of death information reported by
Wilkinson et al. To eliminate overlap, those who worked at multiple facilities were included in the analysis for
the facility where they first met eligibility requirements; doses accumulated at other facilities were excluded. To
allow for minimum latency (the time between exposure and the diagnosis of cancer), cumulative dose was
lagged 2 years for leukemia and 10 years for other cancers. Expected death rates were derived from age and
calendar specific death rates for U.S. white males.

In Rocky Flats workers monitored for external radiation, significantly fewer deaths were observed than
expected from all causes, lung cancer, circulatory diseases, respiratory diseases excluding pneumonia, cirrhosis,
and external causes. Consistent with previous studies of this cohort, benign and unspecified neoplasms of the
brain were the only cause of death significantly elevated (SMR=3.84, 95 percent CI=1.5, 7.9). Unmonitored
workers had a borderline statistically significant excess mortality from all cancers (SMR=1.6, 90 percent
CI=1.0-2.5) but did not differ from monitored workers with respect to site-specific cancer mortality.

Analyses of mortality by cumulative radiation dose found no indication of increased cancer deaths with
increased radiation dose, but a significant positive association was observed between noncancer mortality and
radiation exposure. The authors indicated that mortality from circulatory diseases and external causes were
contributors to this correlation with noncancer mortality. The authors concluded that there was no evidence of
a correlation between chronic low-dose radiation exposure and mortality from all cancer or from leukemia.

In 1993, Gilbert et al. published an update of their previous analyses of data from Hanford, Oak Ridge, and
Rocky Flats (RR 1993a:408-421). Four additional years of mortality data for the Rocky Flats cohort were
included in this later analysis. As in the previous analysis, the study was limited to white males employed for at
least 6 months and monitored for external radiation. All analyses were based on internal comparisons of death
rates by level of radiation dose, as internal comparisons were considered by the authors to be less subject to bias
and more likely to detect risks resulting from radiation exposure than were comparisons to external populations.
Workers were included in the analyses beginning with the year after initial employment plus 5 years, or the first
year of monitoring, whichever occurred later.

The previously observed correlation between noncancer mortality and external radiation exposure in Rocky
Flats workers was no longer statistically significant, and external causes of death were now negatively
correlated with radiation dose. Benign and unspecified neoplasms of the brain, which had been shown to be
elevated in previous papers by Voelz and Wilkinson, remained elevated and showed no evidence of any dose
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response relationship with external radiation. Deaths from leukemia indicated a positive correlation with
external radiation exposure at Rocky Flats, but not at two other facilities considered in the analyses.

An international effort to pool data from populations exposed to external radiation included Rocky Flats
workers, as well as workers at Hanford and Oak Ridge in the United States and other radiation worker
populations in Canada and Britain (RR 1995a:117-132). The cohort was comprised of 95,673 workers employed
6 months or longer and the population dose was 3,543.2 Sv. There was no evidence of an association between
radiation dose and mortality from all causes or from all cancers. There was a significant dose-response
relationship with leukemia, excluding chronic lymphocytic leukemia (ERR=2.18 per Sv; 90 percent C1 0.1-5.7)
and multiple myeloma (excess relative risk not computed; 44 observed). The authors concluded that the study
resuits did not suggest that current radiation risk estimates for cancer at low levels of exposure are appreciable
in error.

EBidemiologic Studies

The Department’s Office of Epidemiologic Studies has implemented an epidemiologic surveillance program at
Rocky Flats to monitor the health of current workers. This program will evaluate the occurrence of illness and
injury in the workforce on a continuing basis and the results will be issued in annual reports. The
implementation of this program will facilitate an ongoing assessment of the health and safety of Rocky Flats’
workforce and will help identify emerging health issues.

Currently operational at a number of DOE sites, including production sites and R&D facilities, epidemiologic
surveillance uses routinely collected health data including descriptions of illness resulting in absences lasting 5
or more consecutive workdays, disabilities, and OSHA recordable injuries and illnesses abstracted from the
OSHA 200 log. These health event data, coupled with demographic data about the active workforce at the
participating sites, are analyzed to evaluate whether particular occupational groups are at increased risk of
disease or injury when compared with other workers at a site. As the program continues and data for an extended
period of time become available, time trend analysis will become an increasingly important part of the
evaluation of worker health. Monitoring the health of the workforce provides a baseline determination of the
illness and injury experience of workers and a tool for monitoring the effects of changes made to improve the
safety and health of workers. Noteworthy changes in the health of the workforce may indicate the need for more
detailed study or increased health and safety measures to ensure adequate protection for workers.

Memorandum of Understanding

The Department entered into a Memorandum of Understanding with the Department of Health and Human
Services to conduct health studies at DOE sites, and the Centers for Disease Control and Prevention became
responsible for conducting dose reconstructions in several host States, including Idaho. NIOSH is responsible
for worker studies. These activities are funded by DOE. A number of studies of the Rocky Flats” workforce are
ongoing under the Memorandum of Understanding.

A study is currently underway by NIOSH, under a cooperative agreement with the State of Colorado, to update
the Rocky Flats cohort mortality and cancer incidence among Rocky Flats workers. This study should be
completed in 1997.

The University of Colorado is conducting a sentinel exposure event surveillance/evaluation at DOE sites. This
study will develop a sentinel exposure event surveillance and evaluation system for exposures to chemicals and
both ionizing and non-ionizing radiation in the defense nuclear industry. The pilot will start at Rocky Flats in
1997.

The National Jewish Center for Immunology and Respiratory Medicine is conducting a study of lung fibrosis
in Pu workers at Rocky Flats. The goal of the study is to confirm that Pu workers are at increased risk for
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developing radiographic abnormalities consistent with fibrosis; to determine the relationship between Pu-239
and other radionuclide and chemical exposures and the development of lung fibrosis; and to determine the
frequency of fibrosis on lung biopsies of Rocky Flats workers compared to biopsies from nonexposed
individuals and to relate the clinical, physiologic, and pathologic severity to radionuclide dose.

Under a cooperative agreement with the State of Colorado, a study is being conducted of the relationship
between the different types of leukemia commonly diagnosed in children and parental exposure to ionizing
radiation used in medical procedures and received through occupational exposure.

M.4.9 LOS ALAMOS NATIONAL LABORATORY

Los Alamos and adjacent counties comprise a unique setting and history. The LANL for much of its existence
was a closed community where most of the residents had direct economic ties to the Laboratory. Nearly all male
residents and some of the female residents are employed at LANL. Medical care in Los Alamos County had
been centralized at the Laboratory and a single community hospital. This is a unique, highly educated
community situated adjacent to lands populated by Native Americans.

Surrounding Communities. Selected cancer mortality and incidence (newly diagnosed cancer) rates between
1950-1969, for eleven selected cancers among white males in Los Alamos County were compared with rates for
the State of New Mexico, the United States five “socioeconomic and occupational” control counties, and five
high education Western counties,” based on U.S. Bureau of the Census information (ER 1981a:86-105). The
comparisons were made to identify cancer types that were greater than expected while taking into account
important factors, such as income and education, associated with cancer patterns. Six cancer types were
identified that had rates greater than cancer rates for one or more of the four comparison groups; they are: cancer
of the bile ducts and liver; bladder; prostate; brain and nervous system; lympho- and reticulo-sarcoma; and
leukemia. Cancer rates of the prostate, bladder, and leukemia were also greater than expected.

Compared with New Mexico white males, Los Alamos County Anglo-white males show non-statistically
significant excesses in cancer incidence from 1969-1974 for the stomach colon, rectum, pancreas, lung, and
bladder (ER 1981a:86-105). All cancers combined show a 35 percent statistically significant excess. Los
Alamos County white females show non-statistically significant excesses for cancer of the stomach, large
intestine, lymphosarcoma and reticulosarcoma, and leukemia. All cancers combined show a statistically
significant 40 percent excess.

In 1991, the New Mexico Department of Health initiated epidemiologic studies in response to citizen concerns
about an apparent excess of brain tumors among residents of the western area neighborhood of Los Alamos
County as a result of historical LANL nuclear operations. The New Mexico Department of Health conducted a
descriptive study of brain cancer incidence in Los Alamos County and for 22 other sites (NM DOH 1993a). The
study showed that during the mid- to late- 1980s an approximate 80 percent excess of brain cancer had occurred
in Los Alamos County compared with a New Mexico reference population and national statistics. The excess
incidence had disproportionately occurred among persons who were residents of the western area at the time of
diagnosis or death; however, there were only three cases and they were confined to the 2-year time period, 1986
and 1987. Additional descriptive studies showed that the brain cancer rates for Los Alamos County were within
the range of rates observed across New Mexico counties from 1983-1987 and 1988-1991. A review of mortality
statistics for benign or unspecified neoplasms of the brain and nervous system showed no deaths from these
causes in Western Area residents during 1984-1990.

Los Alamos County breast cancer incidence rates remained level but higher than New Mexico rates from 1970-
1990. Reproductive and demographic factors associated with the risk of breast cancer were thought to account
for the higher rates. A special study was conducted to examine the recent increase in breast cancer since 1988
(NM DOH 1994a). The New Mexico Tumor Registry concluded that the increase seen in 1988-1992 was
primarily due to increased detection of early stage disease.
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The incidence of ovarian cancer in Los Alamos County women was elevated from the mid- 1970s to 1990. From
1986 through 1990, ovarian cancer incidence in Los Alamos County was roughly two-fold higher compared
with New Mexico reference population rates. The excess ovarian cancer rate was confined to a census tract
corresponding to two neighborhoods and was four to six-fold higher than that observed in the remaining Los
Alamos County census tracts.

The incidence rates for melanoma (cancer of the skin) in Los Alamos County workers elevated from 1970
through 1990, with peak elevations occurring from the mid- to late-1980’s. There was approximately a two-fold
excess risk compared with a New Mexico State reference population. The excess melanoma incidence observed
in Los Alamos County was thought to be related to the high ambient solar ultraviolet radiation intensity due to
its high altitude.

A four-fold increase in thyroid cancer incidence during the late 1980s was noted in a study by Athas (NM DOH
1996a). A case-series records review was initiated to examine data relating to the detection, diagnosis, and
known risk factors for thyroid cancer. All cases of thyroid cancer diagnosed among Los Alamos County
residents between 1970 and 1995 were identified through the New Mexico Tumor Registry. The incidence rate
for thyroid cancer in Los Alamos County was slightly higher than New Mexico rates between 1970 and the mid-
1980’s. There was a statistically-significant four-fold increase during the late-1980s and early 1990s compared
with the State, but the rate began to decline in 1994 and 1995.

The higher than expected number of thyroid cancer cases could not be explained by changes in diagnosis of
thyroid cancer among Los Alamos County residents. Additional analyses suggested that increased medical
surveillance and greater access-to medical care were responsible for the recent excess in Los Alamos County.
Potential risk factors for thyroid cancer including therapeutic irradiation, genetic susceptibility, occupational
radiation exposure, and weight were also examined. However, the investigation did not identify a specific cause
for the elevated rate of thyroid cancer in Los Alamos County.

Male Workers. A mortality study of 224 white males with the highest internal depositions of Pu 239 (10
nanocuries or more) at LANL were examined by Voelz, et al. (LANL 1985a). Followup was through April 1980;
SMRs were low for all cause of death (SNM=0.56, 95 percent CI=0.40-0.75), all malignant neoplasms
(SMR=0.54, 95 percent CI=0.23-1.06), compared with U.S. white males and lung cancer (SMR=20, 95 percent
CI=0-110).

A cohort mortality study by Wiggs et al. examined the causes of death among 15,727 white males hired at LANL
between 1943 and 1977 (HP 1994a:577-588). The purpose of the study was to determine if Pu deposition and
external ionizing radiation were related to worker mortality. After nearly 30 years of followup, the LANL
workforce experienced 37 percent fewer deaths from all causes, and 36 percent fewer deaths due to cancer than
expected when compared with death rates for the U.S. population.

The researchers identified a subset of 3,775 workers who had been monitored for Pu exposure; of these, 303
workers were categorized as “exposed” based on a urine bioassay for Pu; the remainder were “non-exposed.”
One case of rare bone cancer, osteogenic sarcoma, a type of cancer related to Pu exposure in animal studies, was
noted among the Pu exposed group. The overall mortality and site-specific rates of cancer did not differ
significantly between the two groups of workers. A non-statistically significant increase in lung cancer among
the exposed group was noted, but there was no information on cigarette use among the workers.

When researchers examined data for the 10,182 workers who were monitored for exposure to external ionizing
radiation (including 245 workers exposed to Pu) they observed a dose-response relationship for cancers of the
brain/central nervous system, cancer of the esophagus, and Hodgkin’s disease. When the 225 Pu-exposed
workers were excluded from the analysis, there was a statistically significant dose response between external
ionizing radiation and kidney cancer and lymphocytic leukemia.
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A special lifetime medical study was conducted on 26 of the workers who have the largest internal depositions
of Pu at LANL. Voelz and Lawrence reported on the 42-year follow-up of the 26 white males who designed and
built the first atomic bomb and were determined to have had a significant deposition of Pu-239 sometime in 1944
or 1945 based on job assignment, working conditions, and urine levels of Pu (HP 1991a:181-190). Their
mortality experience was compared to U.S. white males adjusted for age and calendar time. The mortality rates
were also compared with rates for a cohort of Los Alamos workers hired at the same time and born between the
same years; no significant differences were observed for all cause mortality and all cancer mortality. One of the
seven reported deaths was due to bone sarcoma, the most frequent radiation-induced cancer observed in persons

with radium depositions.

Wiggs reported on 6,970 women employed at LANL at least 6 months from 1943 through 1979, with deaths
determined through 1981 (LA Wiggs 1987a). The mortality rates for all causes of death combined and all
cancers combined were 24 percent and 22 percent below the rate for the U.S. population. Although the overall
rates are low, women occupationally exposed to ionizing radiation have elevated rates for cancer of the ovary
and of the pancreas relative to those not exposed. An unusual finding was that female radiation workers
experienced a statistically significant excess of death from suicide. In a special in-depth study, the suicides were
compared to two control groups, deaths from other injuries and deaths from non-injuries. History of
employment as a radiation worker was significantly associated with death from suicide for both comparison
groups. No significant associations for duration of employment, Pu exposure, or marital status were seen
(APHA 1988a).

As a result of a reported three-fold excess of malignant melanoma among laboratory workers at LLNL in
California and similarities between occupational exposures and prevailing sunshine conditions at LANL and
LLNL, an investigation was undertaken to assess the risk of melanoma at LANL (Lancet 198la:712-716).
Incidence data were obtained from the New Mexico Tumor Registry. No excess risk for melanoma was detected
at LANL among 11,308 laboratory workers between 1969 and 1978. Six cases were identified where about 5.7
were expected (Lancet 1982a:883-884). The rate for the total cohort, Hispanic males and females, non-Hispanic
males and females were not significantly different from the corresponding New Mexico rates.

A special in-depth, study of fifteen cases diagnosed through 1982 did not detect an association between
melanoma and exposure to any type of external radiation as measured by film badges, neutron exposures, Pu
body burden based on urine samples, or employment as a chemist or physicist (HP 1983c:587-592). However,
the melanoma cases were more educated than the comparison group using the college and graduate degree as a
measure of education; a finding consistent with other reports of malignant melanoma according to the authors.
The numbers in this study are too small to detect any but large excesses.

Memorandum of Understanding. The Department entered into a Memorandum of Understanding with the
Department of Health and Human Services to conduct health studies at DOE sites. NIOSH is responsible for
managing or conducting the worker studies. The following multi-site studies that include LANL are currently
underway: a study of mortality among female nuclear weapons workers; a case-control study of multiple
myeloma; a leukemia study; and an exposure assessment of hazardous waste/cleanup workers.

M-250



Health and Safety

M5 FACILITY ACCIDENTS
M.5.1 EVALUATION METHODOLOGIES AND ASSUMPTIONS
M. Introduction

The potential for facility accidents and the magnitudes of their consequences are important factors in the
evaluation of the storage and disposition alternatives addressed in the PEIS. The health risk issues are twofold:

» Whether accidents at any of the individual storage and disposition facilities (or reasonable
combinations thereof) pose unacceptable health risks to workers or the general public.

* Whether alternative locations for storage and disposition facilities (or reasonable combinations
thereof) can provide lesser public or worker health risks. These lesser risks may arise either from a
greater isolation of the site from the public, or from a reduced frequency of such external accident
initiators as seismic events, aircraft crashes, and so forth.

Guidance for implementation of Council on Environmental Quality regulation 40 CFR 1502.22, as amended (51
FR 15618) requires the evaluation of impacts which have low probability of occurrence but high consequences
if they do occur; thus facility accidents must be addressed to the extent feasible in the PEIS. Further, public
comments received during the scoping process clearly indicated the public concern with facility safety and
consequent health risks, and the need to address these concerns in the decisionmaking process.

For the No Action case, potential accidents are defined in existing facility documentation, such as safety analysis
reports, hazards assessment documents, NEPA documents and probabilistic risk assessments. The accidents
include radiological and chemical accidents that produce high consequences but have a low likelihood of
occurrence, and a spectrum of other accidents that have a higher likelihood of occurrence and lesser
consequences than the high consequence accidents. The data in these documents includes accident scenarios,
materials at risk, source terms (quantities of hazardous materials released to the environment) and
consequences.

For new storage and disposition facilities, the identification of accident scenarios and associated data would
normally be a product of safety analysis reports performed on completed facility designs. However, the
conceptual design information available during the PEIS preparation is not useful for quantitative safety
analyses. Accordingly, for each of the storage and disposition facilities, the accident information developed for
similar existing facilities is used as a surrogate and the likelihood and consequences (which are site dependent)
are recomputed for each of the storage and disposition proposed sites where a facility may be located. This
calculation reflects the effects of such site parameters as population size and distribution, meteorology and
distance to the site boundary.

This analysis also acknowledges, semi-quantitatively, the differences in likelihood of accident initiators at
specific sites (for example, aircraft impacts, beyond evaluation basis seismic events) as well as qualitatively
discussing the opportunities for risk reduction afforded by the potential incorporation of new technologies,
processes or protective features in the storage and disposition facilities that will enhance public health and safety
over the existing facilities. Subsequent to the PEIS, evaluation of the specific benefits achieved by such
measures would be presented in the tiered, project-specific environmental impact statement for each facility.
Also, for each facility, a Hazards Analysis Document that identifies and estimates the effects of all major hazards
that have the potential to affect the environment, workers and the public would be issued in conjunction with
the Conceptual Design Package. Additional accident analyses for identified major hazards would be provided
in a Preliminary Safety Analysis. Report to be issued during the period of Definitive Design (Title II) Review. A
Final Safety Analysis Report would be prepared during the construction period and issued before testing begins
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as final documented evidence that the new facility can be operated in a manner that does not present any undo
risk to the health and safety of workers and the public.

In determining the potential for facility accidents and the magnitudes of their consequences, this PEIS
incorporates two important concepts to the presentation of results: risk and uncertainties and conservatism.

MSA1d Risk

Risk is most important when presenting accident analysis results. The chance that an accident might occur
during the conduct of an operation is called the probability of occurrence. An event that is certain to occur has
a probability of 1 (as in 100 percent certainty). The probability of occurrence of an accident is less than one
because accidents, by definition, are not certain to occur. If an accident is expected to happen once every S years,
the-frequency (and probability) of occurrence is 0.2/yr (1 occurrence + 5 years = 0.2 occurrences/yr).

Once the frequency (occurrences per year) and the consequences (for radiation effects, measured in terms of the
number of latent cancer fatalities caused by the radiation exposure) of an accident are known, the risk can be
determined. The risk of latent cancer fatalities per year is the product of the annual frequency of occurrence
times the number of latent cancer fatalities that would result if the accident occurred. This annual risk expresses
the expected number of latent cancer fatalities per year, taking account of both the annual chance that an accident
might occur and the estimated consequences if it does occur.

For example, if the frequency of an accident were 0.2 occurrences/yr and the number of latent cancer fatalities
resulting from the accident were 0.05, the risk would be 0.01 latent cancer fatalities/yr (0.2 occurrences/yr x
0.05 latent cancer fatalities per occurrence = 0.01 latent cancer fatalities/yr). Another way to express this risk
(0.01 latent cancer fatalities/yr) is to note that if the operation subject to the accident continued for 100 years,
one latent cancer fatality would be likely to occur because of accidents during that period. This is equivalent to
1 chance in 100 that a single latent cancer fatality would be caused by the accident source for each year of
operation.

A frame of reference for the risks from accidents associated with storage and disposition alternatives can be
developed in the same way. As an example, the risk of a latent cancer fatality from a beyond evaluation basis
earthquake (the maximum radiation exposure consequence) for a hypothetical individual at the INEL site
boundary from the consolidation of Pu would be approximately 2.7x10°!! (1.0x107"x 2.7x10"%)/yr
(Table M.5.2.1.2-3). This risk can be compared with the lifetime risks of death from other accidental causes to
gain a perspective. For example, the risk of dying from a motor vehicle accident is about 1 in 80. Similarly, the
risk of death for the average American from fires is approximately 1 in 500, and for death from accidental
poisoning, the risk is about 1 in 1,000. These comparisons are not meant to imply that risks of a latent cancer
fatality caused by DOE operations are trivial, only to show how they compare with other, more common risks.
Radiological risks to the general public from DOE operations are considered to be involuntary risks, as opposed
to voluntary risks such as operating a motor vehicle.

Ms.1.12 Uncertainties and Conservatism

[Text deleted.] For routine operations, the results of monitoring actual operations provide realistic estimates of
source terms, which when combined with conservative estimates of the effects of radiation, produce estimates
of risk that are very unlikely to be exceeded. The effects for all alternatives have been calculated using uniform
source terms and other factors, so this PEIS provides an appropriate means of comparing potential impacts on
human health and the environment.

The analyses of hypothetical accidents are based on calculations that in turn are based on sequences of events
and models of effects that have not occurred. The models provide estimates of the probabilities, source terms,
pathways for dispersion and exposure, and the effects on human health and the environment that are as realistic
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as possible. In many cases, the probability of the accidents postulated is very low and little experience is
available; thus, the consequences are uncertain. This has required the use of models or values for input that
produce estimates of consequences and risks that are higher than would actually occur in order to provide
conservative results. All the alternatives have been evaluated using uniform methods and data, allowing a fair
comparison of all the alternatives on the same basis. [Text deleted.]

M.5.1.2 Safety Design Process

One of the major design goals for storage and disposition facilities is to achieve a reduced risk to worker and
public health and safety relative to that associated with similar operations at the existing nuclear weapons
complex. Significant changes exist between storage and disposition facilities and the current facilities design
criteria and safety standards, which would reduce total risk to the public. These changes include: design to
current DOE structural and safety criteria; smaller throughput, batch size and inventories of certain hazardous
materials; and elimination of the same hazardous materials. This would reduce potential offsite health effects if
a significant accidental release were to occur.

Storage and disposition facilities would be designed to comply with current Federal, State and local laws, DOE
Orders, and industrial codes and standards. This would provide a plant that is highly resistant to the effects of
natural phenomena, including earthquake, flood, tornado, high wind, as well as credible events as appropriate
to the site, such as fire and explosions, and man-made threats to its continuing structural integrity for containing
hazardous materials. The facilities would be designed to maintain their continuing structural integrity in the
event of any credible accident or event, including an aircraft crash.

The design process for the storage and disposition facilities would comply with the requirements for safety
analysis and evaluation in DOE O 430.1 and Order 5480.23. These require that the safety assessment be an
integral part of the design process to ensure compliance with all DOE safety criteria by the time that the facilities
are constructed and in operation.

The safety analysis process begins early in conceptual design with identification of hazards having potential to
produce unacceptable safety consequences to workers or the public. As the design develops, failure mode and
effects analyses are performed to identify events which have the potential to release hazardous material. The
kinds of events considered include equipment failure, spills, human error, fire, explosions, criticality,
earthquake, electrical storms, tornado, flood, and aircraft crash. These postulated events become focal points for
design changes or improvements to prevent unacceptable accidents. These analyses continue as the design
progresses to assess the need for safety equipment and to assess the performance of this equipment in accident
mitigation. Eventually, the safety analyses are formally documented in a safety analysis report (SAR) and, if
appropriate, in a probabilistic risk assessment (PRA). The PRA documents the estimated frequency and
consequence for a complete spectrum of accidents and helps to identify where design improvements could make
meaningful safety improvements.

The first SAR is completed at the conclusion of conceptual design and includes identification of hazards and
some limited assessment of a few enveloping evaluation basis accidents. This analysis includes deterministic
safety analysis and failure modes and effects analysis of major systems. A detailed comprehensive preliminary
SAR is completed by the completion of preliminary design and provides a broad assessment of the range of
evaluation basis accident scenarios and the performance of equipment provided in the facility specifically for
accident consequence mitigation. A limited PRA may be included in that analysis.

The SAR continues to be developed during detailed design. The safety review of this report and any supporting
PRA is completed and safety issues resolved before initiation of construction of the facility. There is also a final
SAR produced that includes documentation of safety-related design changes during construction and the impact
of those changes on the safety assessment. It also includes the results of any safety-related research and
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development that has been performed to support the safety assessment of the facility. Final approval of the final
SAR is required before the facility is allowed to commence operation.

Ms.13 Analysis Methodology
M.5.1.3.1 Introduction

The MELCOR Accident Consequence Code System (MACCS) was used to estimate the consequences of all
storage and disposition facilities for all accidents. A discussion of the MACCS computer code is provided in
Section M.5.1.3.2. A detailed description of the MACCS model is available in NUREG/CR-6059,
SAND92-2146. The MACCS computer code has been used for the analysis of accidents for many
environmental impact statements and other safety documentations and is considered applicable for analyzing
potential accidents associated.with the storage and disposition of Pu and HEU.

MS5.132  MACCS Overview

MACCS models the offsite consequences of an accident that releases a plume of radioactive materials to the
atmosphere. Should such an accidental release occur, the radioactive gases and aerosols in the plume would be
transported by the prevailing wind while dispersing in the atmosphere. The environment would be contaminated
by radioactive materials deposited from the plume and the population would be exposed to radiation. An
estimation of the range and probability of the health effects induced by the radiation exposures not avoided by
protective actions and the economic costs and losses that would result from the contamination of the
environment are the objectives of a MACCS calculation.

There are two fundamental aspects of the organization of MACCS which are basic to its understanding: the time
scale after the accident is divided into various “phases;” and the region surrounding the reactor is divided into
a polar-coordinate grid.

The time scale after the accident is divided into three phases: emergency phase, intermediate phase, and long-
term phase. The emergency phase begins immediately after the accident and could last up to seven days
following the accident. In this period, the exposure of population to both radioactive clouds and contaminated
ground is modeled. Various protective measures can be specified for this phase, including evacuation, sheltering,
and dose-dependent relocation.

The intermediate phase can be used to represent a period in which evaluations are performed and decisions are
made regarding the type of protective measure actions which need to be taken. In this period, the radioactive
clouds are assumed to be gone and the only exposure pathways are those from the contaminated ground. The
protective measure which can be taken during this period is temporary relocation.

The long-term phase represents all time subsequent to the intermediate phase. The only exposure pathways
considered here are those resulting from the contaminated ground. A variety of protective measures can be taken
in the long-term phase in order to reduce doses to acceptable levels: decontamination, interdiction, and

condemnation of property.

The spatial grid used to represent the region is centered on the facility itself. The user specifies the number of
radial divisions as well as their endpoint distances. Up to 35 of these divisions may be defined, extending out to
a maximum distance of 9,999 km (6,213 mi). The angular divisions used to define the spatial grid correspond
to the sixteen directions of the compass.

Since the emergency phase calculations utilize dose-response models for early fatality and early injury which
are highly non-linear, it is necessary for those calculations to be performed on a finer grid than the calculations
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of the intermediate and long-term phases. For this reason, the sixteen compass sectors are divided into three,
five, or seven user-specified subdivisions in the calculations of the emergency phase.

The dose-to-risk conversion factors (0.0005 latent cancer fatalities/person-rem for the public and 0.0004 for the
worker) used in this PEIS to relate radiation exposures to latent cancer fatalities are based on the 1990
Recommendations of the International Commission on Radiation Protection (ICRP Publication 60). These
conversion factors are consistent with those used by the U.S. NRC in its rulemaking “Standards for Protection
Against Radiation” (10 CFR 20). In developing these conversion factors, the International Commission on
Radiological Protection reviewed many studies, including Health Effects of Exposure to Low Levels of lonizing
Radiation (BEIR V) and Sources, Effects and Risks of Ionizing Radiation. These conversion factors represent the
best-available estimates for relating a dose to its effect; most other conversion factors fall within the range of
uncertainty associated with the conversion factors that are discussed in the National Academy of Sciences
NAS/NRC (1990). The conversion factors apply where the dose to an individual is less than 20 rem
(20,000 millirem [mrem]) and the dose rate is less than 10 rem (10,000 mrem) per hour. At doses greater than
20 rem (20,000 mrem), the conversion factors used to relate radiation doses to latent cancer fatalities are
doubled. At much higher doses, prompt effects, rather than latent cancer fatalities, may be the primary concern.
Unusual accident situations that may result in high radiation doses to individuals are considered special cases.

The MACCS code was applied in a probabilistic manner using a weather bin sampling technique. Centerline
doses as a function of distance were calculated for each of 150 meteorological sequence samples; the mean value
of these doses and increased likelihoods of cancer fatality for the distance corresponding to the location of the
maximum offsite individual (sometimes referred to as the “maximum exposed individual™) at each site were
reported for that individual. Doses to an uninvolved worker were calculated similarly, except that the worker
would experience an increased likelihood of cancer fatality of 4.0x 107 times the dose in rem for doses less than
20 rem or exposure rates less than 10 rem/hr. For larger doses, when the rate of exposure is greater than
10 rem/hr, the increased likelihood of latent cancer fatality is doubled. The estimated dose to a worker was based
on a location 1,000 m (3,280 ft) from the release point.

Offsite population doses and latent cancer fatalities are calculated by MACCS using a similar methodology to
that described for the maximum offsite individual. In the case of the population, each of the sampled
meteorological sequences was applied to each of the 16 sectors (accounting for the frequency of occurrence of
the wind blowing in that direction). Population doses are the sum of the individual doses in each sector. Once
again, the mean value of the calculated population doses and latent cancer fatalities for each of these trials is
reported.

M.5.1.3.3  Methodology and Techniques

The relative consequences of postulated accidents in the evaluation of each alternative are assessed in the Public
and Occupational Health and Safety Sections of Section 4.2 for the storage alternatives and Section 4.3 for the
disposition alternatives. The accident analysis involves less detail than a formal probabilistic risk assessment
and facility safety analysis by addressing bounding accidents (relatively low probability of occurrence and high
consequence) and a representative spectrum of possible operational accidents (relatively high probability of
occurrence and low consequence). The technical approach for the selection of accidents is consistent with the
DOE Office of NEPA Oversight Recommendation for the Preparation of Environmental Assessments and
Environmental Impact Statement guidance, which recommends consideration of two major categories of
accidents: within design basis accidents and beyond design basis accidents.

The preliminary accident analyses (conducted during the feasibility design) were performed primarily to

identify those systems and structures which should be categorized as “safety class.” This determination, for a
particular system or structure, involves assessing whether the consequence of an accident in which that system
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or structure fails exceeds some threshold exposure value. In general, the consequence assessments are very
conservative to ensure that cost estimates which result from the feasibility design have a conservative basis.

In developing a range of accidents to consider, it is common to consider only those accidents that have a
probability of occurrence equal to or greater than 107 per year. The accidents evaluated were selected to
represent a spectrum of accident probabilities and consequences ranging from low-probability/high-
consequence to high-probability/low-consequence events. However, because of the preliminary nature of the
designs under consideration here, it has not been possible to assess quantitatively the probability of occurrence
of all of the events addressed. The information provided does not indicate the total risk of operating the facility
but does provide information identifying high risk events that could be used to differentiate safety risks among
alternatives if an accident were to occur. The probabilities for the accidents described have been estimated by
considering qualitatively accident probabilities from other facilities and locations. It is possible that the beyond
design basis accidents included for consideration here will later be shown in tiered NEPA documentation to have
probabilities of occurrence much less than 107,

For each potential accident, information is provided on the risk and consequences to three types of receptors:
(1) a worker, (2) a maximally exposed individual member of the public, and (3) the offsite population. The first
receptor, a worker, is a hypothetical individual working on the site but not involved in the proposed action. This
worker is assumed to be located at a point 1,000 m (3,280 ft)from the location of the accident. Although other
distances closer to the accident could have been assumed, the results would be less accurate because of
limitations of the MACCS computer code in modeling the effects of building and local terrain on the dispersion
of the released radioactive substances. A worker that is closer than 1,000 m (3,280 ft) from the accident will
generally receive a higher dose, while a worker further away would generally receive a lower dose. At some
sites where the distance from the accident to the nearest site boundary is less than 1,000 m (3,280 ft), the worker
is assumed to be located at the site boundary. The second receptor, a member of the public, is a hypothetical
individual who is assumed to be located at the nearest site boundary. Exposures received by this individual are
intended to represent the highest risks to a member of the public. The third receptor, the offsite population,
represents all members of the public located within 80 km (50 mi) of the location of the accident. The choice of
80 km (50 mi) is a common practice, although other distances could have been used.

The consequences of an accident for a worker or individual at the site boundary are expressed in terms of dose
(rem) and probability of a cancer fatality if the individual is exposed to the dose. The risk of cancer fatality to
the individual is the mathematical product of the probability of the accident and the consequence (probability
of a cancer fatality). The consequences for the offsite population are expressed in terms of population dose
(person-rem) and the number of cancer fatalities in the population within 80 km (50 mi) of the site boundary.
The risk of the estimated number of cancer fatalities is the mathematical product of the number of cancer
* fatalities and the probability of the accident. The estimated risks are expressed either on an annual basis or on
the basis of the operational campaign proposed or assumed for a storage or disposition facility, depending on
the context of the information.

The MACCS model is one of a number of models that could be used for accident evaluations. The models will
generally differ in their results because of the many differences in their assumptions and techniques. The
MACCS model was selected because it is commonly used for SAR and EIS accident analyses, particularly for
severe accident analyses. For each of the accidents selected for evaluation of an alternative, information is
provided on the accident probability, dose, cancer fatalities, and risk.

. MS5.13.4  Isotopic Spectra Used in the Storage and Disposition Accident Analyses
For each of the accidents selected for evaluation of an alternative, source term information (radionuclide

release) is generated based on the total Pu release using the pertinent radionuclide spectrum for that alternative.
A mixed Pu spectrum presented in Table M.5.1.3.4-1 is used for Pu storage and disposition alternatives. A
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weapons grade Pu spectrum presented in Table M.5.1.3.4-2 is used for Pit Disassembly and Conversion
operations. The Pu spectrum presented in Table M.5.1.3.4-3 is used for Pu conversion process operations.

Table M.5.1.3.4-1. Isotopic Distribution for a Mixed Plutonium Release®

Specific Activity
Isotopic Content of Isotope Specific Activity

Isotope (g/g Pu) (Ci/g Isotope) (Ci/g Pu)
Pu-238 9.21x107 17.1 1.58x1073
Pu-239 0.921 0.0621 0.0572
Pu-240 0.0666 0.228 0.0152
Pu-241 5.23x10™* 103 0.0539
Pu-242 5.69x107 3.93x10°3 2.23x10°¢
Am-241 8.28x107% 3.43 2.84x10

# Isotopic distribution for mixed Pu aged for 60 years, Used for calculating the source terms for the accidents evaluated for Pu
storage and disposition alternatives.

Note: Am=Americium.

Source: HNUS 1996a.

Table M.5.1.3.4-2. Isotopic Distribution for a Weapons-Grade Plutonium Release®

Specific Activity
Isotopic Content of Isotope Specific Activity
Isotope (g/g Pu) (Ci/g Isotope) (Ci/g Pu)
Pu-238 3.29x10° 17.1 5.63x10™
Pu-239 0.930 0.0621 0.0578
Pu-240 0.0596 0.228 0.0136
Pu-241 4.19x10™* 103 0.0430
Pu-242 1.0x10™ 393x107 3.93x107
Am-241 6.63x10°> 343 0.0227

3 Isotopic distribution for weapons-grade Pu aged for 60 years. Used for calculating the source terms for the potential accidents
evaluated for pit disassembly process operations.

Note: Am=Americium.
Source: HNUS 1996a.

Table M.5.1.3.4-3. Isotopic Distribution for a Non-Pit (Pu Conversion) Plutonium Release®

Specific Activity
Isotopic Content of Isotope Specific Activity
Isotope (g/g Pu) (Ci/g Isotope) (Ci/g Pu)
Pu-238 2.12x10™* 17.1 3.62x1073
Pu-239 0.902 0.0621 0.0560
Pu-240 0.0807 0.228 0.0184
Pu-241 7.35x10°* 103 0.0757
Pu-242 1.51x1073 3.93x1073 5.94x10°6
Am-241 1.16x10* 3.43 3.99x10™

2 Isotopic distribution for non-pit (Pu conversion) Pu aged for 60 years. Used for calculating the source terms for the potential
accidents evaluated for Pu conversion process operations.

Note: Am=Americium.

Source: HNUS 1996a.
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M.5.2 LONG-TERM STORAGE ALTERNATIVES

M.5.2.1 Consolidation of Plutonium Alternative

Studies of evaluation basis accidents and beyond evaluation basis accidents have been performed for the
consolidated Pu storage facility in the Beyond Design Basis Accident Analysis. The studies postulated a set of
accident scenarios that were representative of the risks and consequences for workers and the public that can be
expected if the facility were constructed and operated. Although not all potential accidents were addressed,
those that were postulated have consequences and risks that are expected to envelop the consequences and risks
of an operating facility. In this manner, no other credible accidents with an expected frequency of occurrence
larger than 1.0x10"/yr are anticipated that will have consequences and risks larger than those described in this
section. [Text deleted.] This includes the potential impacts of an aircraft crash which has been considered and
dismissed because the grobability of crashing into a single facility and causing sufficient damage to release Pu
is much lower than 10" '/yr.

M.5.2.1.1 Accident Scenarios and Source Terms

A wide range of hazardous conditions and potential accidents were identified as candidates to represent the risks
to workers and the public of operating the facility. Through a screening process, three evaluation basis accidents
and seven beyond evaluation basis accidents were selected for further definition and analysis. Descriptive
information on these accidents is provided in Tables M.5.2.1.1-1 and M.5.2.1.1-2. Accident scenario
descriptions are provided in Table M.5.2.1.1-3. Accident source term information is provided in Tables
M.5.2.1.14 and M.5.2.1.1-5.

[Text deleted.]
Table M.5.2.1.1-1. Evaluation Basis Accident Scenarios for Consolidation Alternative
Source Term Released
Accident Frequency Source Term at Risk®  to Environment
Accident Scenario (per year) (PCV) (g Pu)

PCV puncture by forklift 6.0x10™* 2 0.0387
PCV breach by firearms discharge 3.5x10 1 3.87x1073
PCV penetration by corrosion 0.064 1 0.158

2 Primary containment vessel (PCV) is assumed to contain up to 4,500 g of weapons-grade Pu as a bounding case.
Source: DOE 1995mm.

Table M.5.2.1.1-2. Beyond Evaluation Basis Accident Scenarios for Consolidation Alternative

Source Term Released
Accident Frequency Source Term at Risk®  to Environment

Accident Scenario (per year) (PCV)
Vault fire 1.0x1077 120 81.3 gPu
Truck bay fire 1.0x10”7 12 5.40 g Pu
Spontaneous combustion 7.0x1077 2 7.75x1073 gPu
Explosion in the vault 1.0x1077 45 12.7 g Pu
Explosion outside of vault 1.0x1077 1 0.058 g Pu
Nuclear criticality 1.0x1077 b 1.0x10!? fissions®
Beyond evaluation basis earthquake 1.0x107 194 146 g Pu

3 Primary containment vessel (PCV) is assumed to contain up to 4,500 g of weapons-grade Pu as a bounding case.

b See Table M.5.2.1.1-5.
Source: DOE 1995mm.
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Table M.5.2.1.1-3. Accident Scenario Descriptions for Consolidation and Collocation Facilities

Accident Scenario

Accident Description

Evaluation Basis Accidents
PCV puncture by forklift

PCV breach by firearms
discharge

PCV penetration by corrosion

Beyond Evaluation Basis
Accidents
Vault fire

Truck bay fire

Spontaneous combustion

Explosion in the vault

Explosion outside of vault

A forklift driver attempting to pick up a pallet containing PCVs in the
shipping/receiving area encounters a situation in which the fork is incorrectly
positioned such that it contacts the PCVs. Before the operator responds to the
contact, the forward motion of the forklift punctures two PCVs with the tines
of the fork. The operator backs the forklift away from the structure, and the
PCVs fall off the fork, spilling some of the contents on the floor.

Because of the armed security guard force at the storage facility, it is necessary
to consider possible breach of a PCV caused by a bullet from accidental
discharge of the guard’s firearm. The PCV is not designed to withstand such an
impact, and its effect would be to potentially penetrate the container and cause
some dispersal of the contents. This can occur only where the PCVs are above
the operating floor, and would be most likely in the shipping/receiving area and
possibly some material handling areas.

The PCV is presumed to fail because of long-term corrosion, gradual buildup of
internal pressure, or other causes generally internal to the PCV itself, and
probably related to its contents. These events would generally be the result of
errors in packaging the contents or in sealing the PCV. The failure would take
place over an extended period, and the initial progress of the failure would be
undetectable through casual external observation. Eventually, the PCV closure
seal would be breached and a small slit or crack would develop. The opening
would be enlarged through continuation of the driving force and eventually
some PCV contents would be expelled into the storage area or into one of the
handling/inspection areas.

A large amount of jet fuel, gasoline, or some high energy density fuel is
introduced into the vault through a ventilation duct and ignited.

A fire occurs following the rupture of the a truck’s fuel tank and ignition of the
spilled fuel. A single trailer is engulfed by flames and is heated to at least the
ignition point of Pu.

Due to improper packaging, the contents of two PCV's ignite spontaneously after
being punctured by a forklift accident.

An explosion of undefined origin is assumed to occur below grade in the vauit.
The detonation is assumed to deform some storage tubes, which in turn crush
and open some PCVs, There is no fire and other systems remain intact.

An explosion of undefined origin is assumed to occur in the repackaging area.

The blast has sufficient force to breach the glovebox, exposing the contents to
the room atmosphere and bypassing two levels of filtration material.

Nuclear criticality The only way a criticality event could occur would be in the case of multiple
operational errors or an accident scenario that breaches PCVs and the fissile
material somehow collects in a criticality favorable geometry.

Beyond evaluation basis The building collapses and some PCVs are crushed.

earthquake

Note: PCV=primary containment vessel.

Source: DOE 1995mm.
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Table M.5.2.1.14. Consolidation Alternative Evaluation Basis Accident Source Terms

Accident Scenario

PCV Puncture by PCV Breach by PCYV Penetration by
Accident Parameter Forklift Firearms Discharge Corrosion
Frequency of occurrence 6.0x10™ 3.5x10 6.4x102
(per year)
Pu released 0.0387 3.87x10°3 0.158
to environment (g)
Isotope Released to Environment
(Ci)
Pu-238 6.11x1073 6.11x10°6 - 2.50x10"*
Pu-239 221x10°3 221x10™* 9.04x10°2
Pu-240 5.88x10™* 5.88x10°> 2.40x10°3
Pu-241 2.09x10°3 2.09x10™* 8.52x103
Pu-242 8.63x10°8 8.63x10°° 3.52x1077
Am-241 1.10x10°3 1.10x10°6 4.49x107

Note: Am=Americium; PCV=primary containment vessel.
Source: Derived from Tables M.5.1.3.4-1 and M.5.2.1.1-1.
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M.5.2.12  Accident Impacts

The estimated impacts of the postulated accidents at each site are provided in Tables M.5.2.1.2-1 through
M.5.2.1.2-5. The dose and cancer fatality estimates are based on the analysis of the accident source terms in
Tables M.5.2.1.1-4 and M.5.2.1.1-5 using the MACCS computer code. [Text deleted].

Table M.5.2.1.2-1. Consolidation Alternative Accident Impacts at Hanford Site

Worker at Maximum Offsite Population to
1,000 m Individual 80 km
Probability Probability Number of
of Cancer of Cancer Dose Cancer Accident
Dose Fatality® Dose Fatality® (person- Fatalities® Frequency
Accident Scenario (rem) (rem) rem) (per year)

PCV puncture by forklift 0.011  44x10® 88x10° 44x10® 064  32x10%  6.0x10™
PCV breach by 1.1x103  44x107  88x10® 44x10°  0.064  32x10°  3.5x10

firearms discharge -
PCV penetration 0.045  1.8x10° 3.6x10*  1.8x107 2.6 1.3x103  6.4x102

by corrosion
Vault fire 23.1 0.012 0.18 9.2x10° 1,340 0.67 1.0x1077
Truck bay fire 1.5 6.1x10*  0.012 6.1x106 89 0.045 1.0x1077
Spontaneous combustion 2.2x10%  8.8x107  1.8x10°  8.8x107 0.13 6.4x10°5  7.0x1077
Explosion in the vault 3.6 14x10° 0029  1.4x10° 209 0.11 1.0x1077
Explosion outside of vault 0016  66x10¢ 13x10% 6.6x10°8 0.96 4.8x10%  1.0x107
Nuclear criticality 0.010  42x10% 6.5x10°  3.3x108 0.07 3.5x10°  1.0x107
Beyond evaluation basis  ~ 41.6 0.022 0.33 1.7x10% 2,410 12 1.0x107

earthquake
[Text deleted]

? Increased likelihood (or probability) of cancer fatality to a hypothetical individual (a single onsite worker at a distance of 1,000 m or
the site boundary, whichever is smaller, or to a hypothetical individual in the offsite population located at the site boundary) if exposed
to the indicated dose. The value assumes the accident has occurred.

b Estimated number of cancer fatalities in the entire offsite population out to a distance of 80 km if exposed to the indicated dose. The
value assumes the accident has occurred.

Note: All values are mean values; PCV=primary containment vessel.
Source: Calculated using the source terms in Tables M.5.2.1.1-4 and M.5.2.1.1-5 and the MACCS computer code.
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Table M.5.2.1.2-2. Consolidation Alternative Accident Impacts at Nevada Test Site

Worker at Maximum Offsite Population to
1,000 m Individual 80 km
Probability Probability Number of
of Cancer of Cancer Dose Cancer Accident
Dose Fatality® Dose Fatality® (person- Fatalities® Frequency
Accident Scenario (rem) (rem) rem) (per year)
PCV puncture by forklift 7.5x103%  3.0x10° 14x10* 7.0x10% 0014  7.2x10°  6.0x10*
PCV breach by firearms 7.5x10%  3.0x107  14x10°  7.0x10° 14x10® 72x107  3.5x10
discharge
PCV penetration by corrosion 0031  1.2x10°  5.7x10%  29x107  0.059  3.0x10°  6.4x10?
Vault fire 15.8 7.6x103 0.29 1.5x10™ 30.3 0.015 1.0x10”7
Truck bay fire 10 42x10% 0019  9.7x10° 2.0 1.0x103  1.0x107
Spontaneous combustion 1.5x107  6.0x107 2.8x10° 14x10® 29x103 1.5x10%  7.0x107
Explosion in the vault 2.5 9.9x10* 0046  2.3x107 47 24x10%  1.0x107
Explosion outside of vault 0.011  4.5x10® 2.1x10* 1.0x107 0021  1LIx10°  1.0x107
Nuclear criticality 7.7x107  3.1x10%  13x10*%  65x10%  14x10°  69x107  1.0x107
Beyond evaluation basis 284 0.015 0.53 2.6x10™ 55 0.027 1.0x1077
earthquake
[Text deleted]

2 Increased likelihood (or probability) of cancer fatality to a hypothetical individual (a single onsite worker at a distance of 1,000 m or
the site boundary, whichever is smaller, or to a hypothetical individual in the offsite population located at the site boundary) if exposed
to the indicated dose. The value assumes the accident has occurred.

® Estimated number of cancer fatalities in the entire offsite population out to a distance of 80 km if exposed to the indicated dose. The

value assumes the accident has occurred.

Note: All values are mean values; PCV=primary containment vessel.
Source: Calculated using the source terms in Tables M.5.2.1.1-4 and M.5.2.1.1-5 and the MACCS computer code.
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Table M.5.2.1.2-3. Consolidation Alternative Accident Impacts at Idaho National Engineering Laboratory

Worker at Maximum Offsite Population to
1,000 m Individual 80 km
Probability Probability Number of
of Cancer of Cancer Dose Cancer Accident
Dose  Fatality® Dose Fatality® (person- Fatalities® Frequency
Accident Scenario (rem) (rem) rem) (per year)

PCV puncture by forklift 0010  4.1x10®  88x10° 44x10%  0.19 9.6x10°  6.0x10*
PCV breach by firearms 1.0x103  4.1x107  8.8x10°®  4.4x10° 0.19 9.6x10°  3.5x10

discharge
PCV penetration 0042  1.7x10°  3.6x10*  1.8x107 078  39x10%  6.4x107

by corrosion
Vault fire 21.6 0.011 0.19 9.3x10°° 402 0.20 1.0x10°7
Truck bay fire 14 57x104 0012  6.2x10° 26.7 0.013 1.0x1077
Spontaneous combustion 2.1x10%  8.2x107 1.8x10° 89x10°  0.038  19x10°  7.0x107
Explosion in the vault 3.4 1.3x10°  0.029 1.5x10° 627 0.031 1.0x1077
Explosion outside of vault ~ 0.015  6.2x10®  13x10*  6.7x10°® 0.29 14x10*  1.0x107
Nuclear criticality 0010  4.0x10¢ 77x10° 39x10% 0018 9.0x10®  1.0x107
Beyond evaluation basis 389 0.021 0.34 1.7x10™ 723 0.36 1.0x1077

earthquake
[Text deleted]

# Increased likelihood (or probability) of cancer fatality to a hypothetical individual (a single onsite worker at a distance of 1,000 m or
the site boundary, whichever is smaller, or to a hypothetical individual in the offsite population located at the site boundary) if exposed
to the indicated dose. The value assumes the accident has occurred.

b Estimated number of cancer fatalities in the entire offsite population out to a distance of 80 km if exposed to the indicated dose. The
value assumes the accident has occurred.

Note: All values are mean values; PCV=primary containment vessel.

Source: Calculated using the source terms in Tables M.5.2.1.1—4 and M.5.2.1.1-5 and the MACCS computer code.
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Table M.5.2.1.2—4. Consolidation Alternative Accident Impacts at Pantex Plant

Worker at Maximum Offsite Population to
1,000 m Individual 80 km
Probability Probability Number of
of Cancer of Cancer Dose Cancer Accident
Dose Fatality® Dose Fatality* (person- F atalities® Frequency
Accident Scenario (rem) (rem) rem) (per year)
PCV puncture by forklift 44x107  1.8x10°% 14x10°  7.1x107 022 L1x10%  6.0x10*
PCV breach by firearms 44x10%  1.8x107  14x10?%  7.1x10%  0.022  1.1x10°  3.5x10™
discharge
PCV penetration by corrosion 0018  7.2x10¢  5.8x10°  2.9x10°¢ 0.89 44x10%  6.4x102
Vault fire 9.3 3.8x1073 3.0 1.5x1073 456 0.23 1.0x1077
Truck bay fire 0.62 2.5x10* 0.20 9.9x10° 303 0.015 1.0x107
Spontaneous combustion 8.9x10% 3.5x107 2.8x10*  14x107  0.044  22x10°  7.0x107
Explosion in the vault 1.5 5.8x107 0.46 2.3x10% 712 0.036 1.0x1077
Explosion outside of vault 6.6x103  27x10°  2.1x10°  1.1x10° 0.33 1.6x10%  1.0x107
Nuclear criticality 48x107  19x10% 19x103  93x107  0.046  2.3x10°  1.0x107
Beyond evaluation basis 16.7 7.5x1073 534 2.7x1073 821 0.41 1.0x107
earthquake
[Text deleted]

2 Increased likelihood (or probability) of cancer fatality to a hypothetical individual (a single onsite worker at a distance of 1,000 m or
the site boundary, whichever is smaller, or to a hypothetical individual in the offsite population located at the site boundary) if exposed
to the indicated dose. The value assumes the accident has occurred.

® Estimated number of cancer fatalities in the entire offsite population out to a distance of 80 km if exposed to the indicated dose. The

value assumes the accident has occurred.

Note: All values are mean values; PCV=primary containment vessel.
Source: Calculated using the source terms in Tables M.5.2.1.1-4 and M.5.2.1.1-5 and the MACCS computer code.
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Table M.5.2.1.2-5. Consolidation Alternative Accident Impacts at Savannah River Site

Worker at Maximum Offsite Population to
1,000 m Individual 80 km
Probability Probability Number of
of Cancer of Cancer Dose Cancer Accident
Dose Fatality® Dose Fatality® (person- Fatalities® Frequency
Accident Scenario (rem) (rem) rem) (per year)
PCV puncture by forklift 72x10%  29x10°  14x10*  7.1x10%  0.068  34x10*  6.0x10*
PCV breach by firearms 7.2x10%  29x107  14x10°  7.1x10°  0.068  34x10°  3.5x10%
discharge
PCV penetration by corrosion 0029  1.2x10°  5.8x10%  2.9x107 2.8 14x103%  6.4x102
Vault fire 152 6.9x107 0.3 1.5x10% 1,440 0.72 1.0x107
Fruck bay fire 1.0 40x10* 0020  9.9x10° 95.5 0.048 1.0x10°7
Spontaneous combustion 1.4x103  58x107 2.8x10°  1.4x10°8 0.14 6.9x10°  7.0x107
Explosion in the vault 24 9.4x10™ 0.046 2.3x10°5 224 0.11 1.0x107
Explosion outside of vault 0.011  4.3x10° 2.1x10*  1.1x107 1.0 5.1x10%  1.0x107
Nuclear criticality 6.9x102 2.8x10%  1.1x10% 57x10%  0.094  47x10°  1.0x107
Beyond evaluation basis 273 0.013 0.53 2.7x107 2,590 13 1.0x10°7
earthquake
[Text deleted]

2 Increased likelihood (or probability) of cancer fatality to a hypothetical individual (a single onsite worker at a distance of 1,000 m or
the site boundary, whichever is smaller, or to a hypothetical individual in the offsite population located at the site boundary) if exposed
to the indicated dose. The value assumes the accident has occurred.

® Estimated number of cancer fatalities in the entire offsite population out to a distance of 80 km if exposed to the indicated dose. The

value assumes the accident has occurred.

Note: All values are mean values; PCV=primary containment vessel.
Source: Calculated using the source terms in Tables M.5.2.1.1-4 and M.5.2.1.1-5 and the MACCS computer code.
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M.5.3 DISPOSITION ALTERNATIVES
M.5.3.1 Pit Disassembly/Conversion Facility

Studies of evaluation basis accidents and beyond evaluation basis accidents have been performed for a pit
disassembly/conversion facility in the Fissile Material Disposition Program PEIS Data Call Input Report: Pit
Disassembly and Conversion Facility. The studies postulated a set of accident scenarios that were representative
of the risks and consequences for workers and the public that can be expected if the facility were constructed
and operated. Although not all potential accidents were addressed, those that were postulated have consequences
and risks that are expected to envelop the consequences and risks of an operating facility. In this manner, no
other credible accidents with an expected frequency of occurrence larger than 1.0x10'7/yr are anticipated that
will have consequences and risks larger than those described in this section. [Text deleted.]

MJS5.3.11 Accident Scenarios and Source Terms

A wide range of hazardous conditions and potential accidents were identified as candidates to represent the risks
to workers and the public of operating the facility. Through a screening process, four evaluation basis accidents
and four beyond evaluation basis accidents were selected for further definition and analysis. Descriptive
information on these accidents is provided in Tables M.5.3.1.1-1 and M.5.3.1.1-2. Accident source term
information is provided in Tables M.5.3.1.1-3 through M.5.3.1.1-5. Descriptions of the accident scenarios are
provided in Table M.5.3.1.1-6.

Table M.5.3.1.1-1. Evaluation Basis Accident Scenarios for the Pit Disassembly/Conversion Facility
Source Term
Released to
Accident Frequency Source Term at Risk Environment
Accident Scenario (per year)
Fire on the loading dock 1.0x10*to 1.0x10°3 18 g Pu 0.8gPu
Fire in a process cell 1.0x107 to 1.0x1073 24gPu 4.8x10° g Pu
Deflagration inside a glovebox 1.0x10”% to 1.0x1073 10 kg Pu 1.0x103 g Pu
Impact induced spill 4.5x10°3 4 kg Pu0O, 1.7x10° gPu

Source: LANL 1996d.

Table M.5.3.1.1-2. Beyond Evaluation Basis Accident Scenarios for the Pit
Disassembly/Conversion Facility

Source Term
Accident Released to
Frequency Source Term at Risk Environment
Accident Scenario (per year)
Nuclear criticality <1.0x107  5.0x10'7 fissions; gaseous by- a
products released®

Beyond design basis fire in a process cell <1.0x1077 24gPu 0.034 g Pu
Oxyacetylene explosion in a process cell <1.0x10"7 10 kg Pu 50 g Pu
Beyond evaluation basis earthquake <1.0x1077 : 10 kg Pu 25gPu

2 See Table M.5.3.1.1-3.
Source: LANL 1996d.
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Table M.5.3.1.1-3.  Pit Disassembly/Conversion Facility Criticality Source Terms

Nuclide

Produced

Released
(Ci)

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138
[-131
I-132
I-133
I-134
I-135

4.05x10™

5.5
3.55
4.05x10
215
11.5
650
5.0x103
0.11
135
165
20.5
2,450
550
0.138
15
2.0
53.8
5.36

Source: LANL 1996d.

Table M.5.3.1.1-4.  Pit Disassembly/Conversion Facility Evaluation Basis Accident
Source Terms

Accident Scenario

Beyond Design  Deflagration

Fire on Basis Fire in Inside a Impact
Accident Parameter Loading Dock Process Cell Glovebox Induced Spill

Frequency of occurrence (per year) 5.0x10% 1.0x10"% 1.0x10™%2 4.5x10°3
Pu released to environment (g) 0.8 4.8x10°° 1.0x103 1.7x10°
Isotope Released

to Environment (Ci)

Pu-238 4.50x10* 2.70x10°° 5.63x107 9.57x10°13

Pu-239 0.0462 2.77x10°7 5.78x10°5 9.83x10°!1

Pu-240 0.0109 6.53x10°8 1.36x107 2.31x10°11

Pu-241 0.0344 2.06x1077 4.30x10 7.31x10° 1!

Pu-242 3.14x1077 1.88x10°12 3.92x10°10 6.66x10716

Am-241 0.0182 1.09x10”7 2.27x1073 3.86x10°!!

3 Midpoint of the estimated frequency range.
Source: Derived from Tables M.5.1.3.4-2 and M.5.3.1.1-1.
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Table M.5.3.1.1-5. Pit Disassembly/Conversion Facility Beyond Evaluation Basis Accident
Source Terms

Accident Scenario
Beyond Design  Oxyacetylene

Nuclear Basis Fireina  Explosion in a A Beyond Design
Accident Parameter Criticality Process Cell Process Cell  Basis Earthquake
Frequency of occurrence (per year)? 1.0x107 1.0x1077 1.0x1077 1.0x1077
Pu released to environment (g) NA 0.034 50 25
Fissions 5.0x10'7 NA NA NA
Isotope Released to Environment
(Ci)
Pu-238 0 1.91x10°8 0.0281 0.0141
Pu-239 0 1.97x1073 2.89 1.44
Pu-240 0 4.62x10% 0.680 0.340
Pu-241 0 1.46x1073 2.15 1.08
Pu-242 0 1.34x10'8 1.96x107 9.80x107®
Am-241 0 7.72x10°* 1.13 0.567
Kr-83m 5.5 0 0 0
Kr-85m 3.55 0 0 0
Kr-85 4.05x10* 0 0 0
Kr-87 21.5 0 0 0
Kr-88 11.5 0 0 0
Kr-89 _ 650 0 0 0
Xe-131m 5.0x1073 0 0 0
Xe-133m 0.11 0 0 0
Xe-133 1.35 0 0 0
Xe-135m 165 0 0 0
Xe-135 20.5 0 0 0
Xe-137 2.45x10° 0 0 0
Xe-138 550 0 0 0
I-131 0.138 0 0 0
I-132 15 0 0 0
I-133 2.0 0 0 0
I-134 : 53.8 0 0 0
135 5.36 0 0 0

3 Maximum value of the estimated frequency range.
Note: NA=not applicable.
Source: Derived from Tables M.5.1.3.4-2, M.5.3.1.1-2, and M.5.3.1.1-3.
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Table M.5.3.1.1-6. Accident Scenario Descriptions for the Pit Disassembly/Conversion Facility

Accident Scenario Accident Description
Evaluation Basis Accidents
Fire on the loading dock The fire is caused by welding, cleaning solvents, electrical shorts, or

other miscellaneous causes. The scenario assumes an open garage
door and that a single drum of combustible waste is involved in the
fire.

Fire in a process cell It is assumed that a process cell contains a glovebox used for final
processing of plutonium oxide powder. The gloves, stowed outside
the glovebox, are coated with a layer of Pu dust. A flammable cleaning
liquid such as acetone or isopropyl alcohol is brought into the process
cell in violation of operating procedures, spills, and ignites. The initial

. extent and intensity of the fire are sufficient to completely incinerate

- the gloves. The sprinkler system activates and protects the glovebox
from further damage. The ventilation system with HEPA filters
continues to function throughout the accident.

Deflagration inside a glovebox The bounding evaluation basis explosion is a deflagration of a
flammable gas mixture inside a glovebox. It is assumed that through
some unforeseen set of failures, a combustible gas mixture
accumulates inside a glovebox and is ignited, possibly by an electrical
spark from an operating electrical device. The deflagration blows out
the HEPA filter from the glovebox ventilation system exit. Gloves
may also be blown out. The room volumes are sufficient to attenuate
the pressure wave to levels below that needed to damage building
ventilation system HEPA filters.

Impact induced spill The most catastrophic case of leak or spill of nuclear material would
result from a forklift or other large vehicle running over a package of
nuclear material, breaching the containment, and causing airborne
release to the room. Three stage HEPA filtration is available for the
facility exhaust to limit the release to the environment.

Beyond Evaluation Basis Accidents

Nuclear criticality The postulated criticality accident was caused by improper stacking or
handling of bulk nuclear material. Multiple operational errors in the
material spacing, packing density, manner, and type of containment,
and maximum quantities of fissile material permitted in the area
would be required for postulated criticality accident to occur.

Beyond evaluation basis fire in a process A typical fire with coincident failures of two or more major safety
cell systems constitutes a beyond evaluation basis fire. The evaluation

postulated the fire in a process cell, discussed above, with the
sprinkler system and ventilation system with HEPA filtration
inoperative during the accident.

Oxyacetylene explosion in a process cell The evaluation postulated the explosion of a welding rig oxyacetylene
bottle in a process cell. The explosion is sufficient to blow out the
HEPA filters and cause significant damage to the ventilation system
and nearby equipment.

Beyond evaluation basis earthquake The following assumptions were used in the evaluation: (1) the
earthquake disables the ventilation system; (2) there is sufficient
structural damage to the building and it does not totally collapse; (3)
a ceiling slab falls on the glovebox with the most material at risk and
severely damages the glovebox; (4) the process cell with the most
material at risk is located on an outside wall; (5) the outside wall
cracks; and (6) the wind is blowing and the cracks are located on the
lee side of the building.

Source: LANL 1996d.
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M.5.3.1.2  Accident Impacts

The estimated impacts of the postulated accidents at each site are provided in Tables M.5.3.1.2—-1 through
M.5.3.1.2-6. The dose and cancer fatality estimates are based on the analysis of the accident source terms in
Tables M.5.3.1.1-4 and M.5.3.1.1-5 using the MACCS code. [Text deleted.]
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M.5.3.2 Mixed Oxide Fuel Fabrication Facility

Studies of evaluation basis accidents and beyond evaluation basis accidents have been performed for a MOX
fuel fabrication at DOE sites and a generic site in the Fissile Material Disposition Program PEIS Data Call
Input Report: Mixed Oxide Fuel Fabrication. The studies postulated a set of accident scenarios that were
representative of the risks and consequences for workers and the public that can be expected if the facility were
constructed and operated. Although not all potential accidents were addressed, those that were postulated have
consequences and risks that are expected to envelop the consequences and risks of an operating facility. In this
manner, no other credible accidents with an expected frequency of occurrence larger than 1.Ox10'7/yr are
anticipated that will have consequences and risks larger than those described in this section. [Text deleted.]

M.5.3.2.1 Accident Scenarios and Source Terms

A wide range of hazardous conditions and potential accidents were identified as candidates to represent the risks
to workers and the public of operating the facility. Through a screening process, four evaluation basis accidents
and four beyond evaluation basis accidents were selected for further definition and analysis. Descriptive
information on these accidents is provided in Tables M.5.3.2.1-1 and M.5.3.2.1-2. Accident source term
information is provided in Tables M.5.3.2.1-3 through M.5.3.2.1-5. Description of accident scenarios are
provided in Table M.5.3.2.1-6.

Table M.5.3.2.1-1. Evaluation Basis Accident Scenarios for the Mixed Oxide Fuel Fabrication Facility

Source Term

Released to
Accident Frequency Source Term at Risk Environment
Accident Scenario (per year) '
Fire on open loading dock 1.0x10* to 1.0x107 18 gPu 0.8 g Pu
Fire in process cell 1.0x10" to 1.0x10™> 24 g Pu 4.8x10 g Pu
Leaks or spills from breach of containment 4.5x10°° 4kgPu 1.7x10°? g Pu
Explosion inside a glovebox 1.0x105 1o 1.0x1073 10 kg Pu 1.0x103 g Pu

Source: LANL 1996b.

Table M.5.3.2.1-2. Beyond Evaluation Basis Accident Scenarios for the Mixed Oxide Fuel Fabrication

Facility
Source Term
Released to
Accident Frequency Source Term at Risk Environment
Accident Scenario (per year)
Nuclear criticality 1.0x10”7 5.0x10'7 fissions; gaseous a
by-products released®

Beyond evaluation basis fire 1.0x10°7 24 g Pu 0.034 g Pu
Beyond evaluation basis explosion 1.0x10”7 10 kg Pu 50 g Pu
Beyond evaluation basis earthquake 1.0x1077 10 kg Pu 25 gPu

2 See Table M.5.3.2.1-3.
Source: LANL 1996b.
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Table M.5.3.2.1-3. Mixed Oxide Fuel Fabrication Facility Criticality Source Terms

Produced Released

Nuclide (Ci) (Ci)
Kr-83m 55 2.75
Kr-85m 35 1.75
Kr-85 4.0x10™ 2.0x10™
Kr-87 21.5 11
Kr-88 11.5 6
Kr-89 650 325
Xe-131m 5.0x103 2.5x1073
Xe-133m 0.1 0.05
Xe-133 1.5 0.75
Xe-135m 165 85
Xe-135 20.5 10
Xe-137 2,450 1,225
Xe-138 © 550 275
1-131 0.5 0.025
I-132 60 3
I-133 8 04
I-134 215 11
I-135 225 1.0

Source: LANL 1996b.

Table M.5.3.2.14. Mixed Oxide Fuel Fabrication Facility Evaluation Basis Accident Source Terms

Accident Scenario
Leaks or Spills Explosion
Fire on Fire in Process from Breach of Inside

Accident Parameter Loading Dock Cell Containment  Glovebox

Frequency of occurrence (per year) 5.0x10™2 1.0x1042 4.5x10° 1.0x10™2

Pu released to environment (g) 0.8 4.8x10°6 1.7x10°° 1.0x10°3

Isotope Released to Environment (curies)

Pu-238 4.50x10™* 2.70x10°° 9.57x1013 5.63x10°7
Pu-239 0.0462 2.77x10”7 9.83x10!! 5.78x10°°
Pu-240 0.0109 6.53x10°8 2.31x10°! 1.36x10°>
Pu-241 0.0344 2.06x10°7 7.31x10°! 4.30x107
Pu-242 3.14x1077 1.88x10°12 6.66x10°16 3.92x10°10
Am-241 0.0182 1.09x107’ 3.86x10°!! 2.27x10°3

8 Midpoint of the estimated frequency range.
Note: Am=Americium.
Source: Derived from Tables M.5.1.3.4-2 and M.5.3.2.1-1.
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Table M.5.3.2.1-5. Mixed Oxide Fuel Fabrication Facility Beyond Evaluation Basis Accident Source

Terms
Accident Scenario
Beyond Beyond . Beyond
Nuclear Evaluation Basis Evaluation Basis Evaluation Basis
Accident Parameter Criticality Fire Explosion Earthquake
Frequency of occurrence (per year) 1.0x10°’ 1.0x1077 1.0x10”’ 1.0x1077
Pu released to environment (g) NA 0.034 50 25
Fissions 5.0x10'7 NA NA NA
Isotope Released to Environment (Ci)
Pu-238 0 1.91x10°% 0.0281 0.0141
.Pu-239 0 1.97x10°3 2.89 1.44
Pu-240 0 4.62x10* 0.680 0.340
Pu-241 0 1.46x1073 2.15 1.08
Pu-242 0 1.33x10°8 1.96x10°3 9.80x10°
Am-241 0 7.72x10* 1.13 0.567
Kr-83m - 2.75 0 0 0
Kr-85m 1.75 0 0 0
Kr-85 2.0x10™* 0 0 0
Kr-87 11 0 0 0
Kr-88 6 0 0 0
Kr-89 325 0 0 Q
Xe-131m 2.5x10°3 0 0 0
Xe-133m 0.05 0 0 0
Xe-133 0.75 0 0 0
Xe-135m 85 0 0 0
Xe-135 10 0 0 0
Xe-137 1,225 0 0 0
Xe-138 275 0 0 0
I-131 0.025 0 0 0
1-132 3 0 0 0
I-133 04 0 0 0
I-134 11 0 0 0
1-135 . 1.0 0 0 ]

Note: NA=not applicable. .
Source: Derived from Tables M.5.1.3.4-2, M.5.3.2.1-2, and M.5.3.2.1-3.
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Table M.5.3.2.1-6. Accident Scenario Descriptions for the Mixed Oxide Fuel Fabrication Facility

Accident Scenario Accident Description
Evaluation Basis Accidents
Fire on the loading dock The fire is caused by welding, cleaning solvents, electrical shorts, or other

miscellaneous causes. The scenario assumes an open garage door and that a
single drum of combustible waste is involved in the fire.

Fire in a process cell Itis assumed that a process cell contains a glovebox used for final processing
of plutonium oxide powder. The gloves, stowed outside the glovebox, are
coated with a layer of Pu dust. A flammable cleaning liquid such as acetone
or isopropyl alcohol is brought into the process cell in violation of operating
procedures, spills, and ignites. The initial extent and intensity of the fire are
sufficient to completely incinerate the gloves. The sprinkler system activates
and protects the glovebox from further damage. The ventilation system with
HEPA filters continues to function throughout the accident.

Deflagration inside a glovebox The bounding evaluation basis explosion is a deflagration of a flammable gas
mixture inside a glovebox. It is assumed that through some unforeseen set
of failures, a combustible gas mixture accumulates inside a glovebox and is
ignited, possibly by an electrical spark from an operating electrical device.
The deflagration blows out the HEPA filter from the glovebox ventilation
system exit. Gloves may also be blown out. The room volumes are sufficient
to attenuate the pressure wave to levels below that needed to damage the
building ventilation system HEPA filters.

Impact-induced spill The most catastrophic case of leak or spill of nuclear material would result
from a forklift or other large vehicle running over a package of nuclear
material, breaching the containment, and causing an airborne release to the
room. Three-stage HEPA filtration is available for the facility exhaust to
limit the release to the environment.

Beyond Evaluation Basis Accidents

Nuclear criticality There will not be sufficient quantities of plutonium solutions at the facility to
cause a criticality accident. The most likely cause of a criticality event
involving Pu oxides would be improper stacking or handling of bulk nuclear
material. Multiple operational errors in the material spacing, packing
density, manner, and type of containment, and maximum quantities of fissile
material permitted in the area would be required for the postulated criticality

accident to occur.
Beyond evaluation basis fireina A typical fire with coincident failures of two or more major safety systems
process cell constitutes a beyond evaluation basis fire. The evaluation postulated the fire

in a process cell, discussed above, with the sprinkler system and ventilation
system with HEPA filtration inoperative during the accident.

Oxyacetylene explosion in a process The evaluation postulated the explosion of a welding rig oxyacetylene bottle
cell in a process cell. The explosion is sufficient to blow out the HEPA filters and
cause significant damage to the ventilation system and nearby equipment.

Beyond evaluation basis earthquake The following assumptions were used in the evaluation: (1) the earthquake
disables the ventilation system; (2) there is significant structural damage to
the building but it does not totally collapse; (3) a ceiling slab fall on the
glovebox with the most material at risk and severely damages the glovebox;
(4) the process cell with the most material at risk is located on an outside
wall; (5) the outside wall cracks and the cracks; and (6) the wind is blowing
and the cracks are located on the lee side of the building.

Source: LANL 1996b.
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M.5.3.2.2  Accident Impacts
The estimated impacts of the postulated accidents at each site are provided in Tables M.5.3.2.2-1 through

M.5.3.2.2-6. The dose and cancer fatality estimates are based on the analysis of the accident source terms in
Tables M.5.3.2.1-4 and M.5.3.2.1-5 using the MACCS computer code. [Text deleted.]
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M.5.3.3 Direct Disposition Alternative for a Deep Borehole Complex

Studies of evaluation basis accidents and beyond evaluation basis accidents have been performed for a deep
borehole disposal facility and the direct emplacement of Pu and Plutonium Dioxide in the Fissile Material
Disposition Program Deep Borehole Disposal Facility PEIS Data Input Report for Direct Disposal-Direct
Disposal of Plutonium/Plutonium Dioxide in Compound Canisters. The studies postulated a set of accident
scenarios that were representative of the risks and consequences for workers and the public that can be expected
if the facility were constructed and operated. Although not all potential accidents were addressed, those that
were postulated have consequences and risks that are expected to envelop the consequences and risks of an
operating facility. In this manner, no other credible accidents with an expected frequency of occurrence larger
than 1.0x10‘7/yr are anticipated that will have consequences and risks larger than those described in this section.

MJs.33.1 Accident Scenarios and Source Terms

A wide range of hazardous conditions and potential accidents were identified as candidates to represent the risks
to workers and the public of operating the facility. Through a screening process, seven evaluation basis accidents
with release to the environment and three beyond evaluation basis accidents were selected for further definition
and analysis. Descriptive information on these accidents is provided in Tables M.5.3.3.1-1 and M.5.3.3.1-2.
Accident source term information is provided in Tables M.5.3.3.1-3 and M.5.3.3.1—4. Descriptions of accident

scenarios are provided in Table M.5.3.3.1-5.
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Table M.5.3.3.1-2. Beyond Evaluation Basis Accident Scenarios for Direct Disposition
at the Deep Borehole Complex

Source Term
Accident Source Term Released to
Frequency at Risk "~ Environment
Accident Scenario (per year)
Uncontrolled chemical reaction <1.0x10° NA No release
Pu container nuclear criticality in <1.0x10% 1.0x10"° prompt fissions in 8 hr; noble gas a
storage

and halogen fission products release.
Release factors: 1.0 noble gas, 0.25 halogen.
Emplacement canister nuclear <1.0x10% 1.0x10' prompt fissions in 8 hr; noble gas a
criticality in storage and halogen fission products release.
Release factors: 1.0 noble gas, 0.25 halogen.
Nuclear criticality of canister contents <1 .0x10%  1.0x10'° prompt fissions in 8 hr; noble gas a
at bottom of emplacement zone upon and halogen fission products release.
rupture of dropped canister string Release factors: 1.0 noble gas, 0.25 halogen.
2 See Table M.5.3.3.14.
Note: NA=not applicable.
Source: LLNL 1996a.
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Table M.5.3.3.1-4. Direct Disposition at the Deep Borehole Complex Beyond Evaluation
Basis Accident Source Terms

Accident Scenario

Pu Container  Emplacement

Nuclear Canister Nuclear Nuclear Criticality of Canister Contents
Criticality in Criticality in  at Bottom of Emplacement Zone Upon
Accident Parameter Storage® Storage? Rupture of Dropped Canister String®
Frequency of occurrence 1.0x10 1.0x10° 1.0x10°®
(per year)
Pu released to environment NA NA NA
Fissions _ 1.0x10'° 1.0x10" 1.0x10"°
Isotope Released to Environment
(Ci)
[Text deleted.]
Kr-83m 110 110 110
Kr-85m 71 71 71
- Kr-85 8.1x10* 8.1x10 8.1x10™
Kr-87 430 430 430
Kr-88 230 230 230
Kr-89 1.3x10* 1.3x10 1.3x10*
Xe-131m 0.1 0.1 0.1
Xe-133m 22 22 2.2
Xe-133 27 27 27
Xe-135m 3.3x10° 3.3x10° 3.3x103
Xe-135 410 410 410
Xe-137 4.9x10* 4.9x10* 4.9x10*
Xe-138 1.1x10% 1.1x10* 1.1x10*
I-131 2.75 2.75 2.75
I-132 300 300 300
1-133 40 40 40
I-134 1.08x10° 1.08x10 1.08x10°
I-135 113 113 113

3 Curies produced (by isotope) for the 1.0x10!® fission criticality were scaled from Table M.5.3.1.1-3.

Note: NA=not applicable.

Source: Derived from Tables M.5.1.3.4~1, M.5.3.1.1-3, and M.5.3.3.1-2.
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Table M.5.3.3.1-5. Accident Scenario Descriptions for Direct Disposition at the Deep Borehole Complex

Accident Scenario Accident Description
Evaluation Basis Accidents
Pu storage container breakage It is postulated that a Pu storage container is ruptured due to overpressurization

during storage

Pu storage container breakage
during handling

Nuclear criticality during
emplacement canister filling

Nuclear criticality during Pu
storage canister spill

Fire in process area

Canister string dropped during
emplacement, ruptured in
emplacement zone

Canister string dropped during

emplacement, ruptured and stuck

in isolation zone

of the container, The overpressurization could occur as a result of volume
expansion caused by either complete oxidation of Pu metal buttons stored in
cans or pressure buildup due to radiolysis of residual moisture in Pu oxide and
helium gas from the alpha decay of Pu and daughter products. Respirable Pu
fines are released to the storage area.

It is postulated that a 2R Pu container is dropped and breaches in container
handling operations. The force of the drop ruptures the container and respirable
oxide fines are released to the process area.

Mishandling of the Pu containers during handling operations could lead to a
criticality accident. At least three independent and concurrent equipment
failures or operation errors must occur before a criticality accident could occur.
It is postulated that additional Pu containers are introduced into the
emplacement canister filling process area in violation of procedural controls
and a criticality occurs as a result of the containers being spaced too closely.

Anuclear criticality could occur if Pu containers were damaged in handling and
the mass of the spilled Pu oxide containers exceeds the critical mass. Because
each 2R primary container contains a limited amount of Pu, a criticality
accident would require successively damaging several containers.

The combustible loading in the process area is very low because the process does
not involve any combustible materials. However, it is postulated that a large fire
occurs in the process area for emplacement canister filling, the containers are
breached by the fire, and the contents are exposed to the fire. The ventilation
system two-stage HEPA filters are operational during the fire.

A canister string could be dropped into the borehole as a result of either a
structural failure in the crane and associated hoisting and securing equipment
or as a result of operator error. A free-falling canister string could rupture upon
impact at the bottom of the borehole. ’

A canister string could be dropped into the borehole as a result of either a
structural failure in the crane and associated hoisting and securing equipment
or as a result of operator error. The canister string impacts a projecting ledge at
a change in the diameter of the well casings, ruptures, and remains stuck in the
isolation zone instead of falling to the bottom of the borehole.

Beyond Evaluation Basis Accidents
Pu container nuclear criticality in  The Pu storage facility is designed to ensure that an accidental criticality during

storage

Emplacement canister nuclear
criticality in storage

Nuclear criticality of canister
contents at bottom of

emplacement zone upon rupture

of dropped canister string

dry or flood conditions is not credible. The assumed criticality accident severity
is based on guidance provided in NRC Regulatory Guide 3.35.

The storage racks are designed to maintain the geometry of the array under all
postulated accident and natural conditions. The assumed criticality accident
severity is based on guidance provided in NRC Regulatory Guide 3.35.

A canister string could be dropped into the borehole as a result of either a
structural failure in the crane and associated hoisting and securing equipment
or as a result of operator error. A free-falling canister string could rupture upon
impact at the bottom of the borehole. The evaluation assumed that Pu released
from the ruptured string would collect in a critical mass at the bottom of the
borehole. The assumed criticality accident severity is based on guidance
provided in NRC Regulatory Guide 3.35.

Source: LLNL 1996a.
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M.5.3.3.2  Accident Impacts

The estimated range of impacts of the postulated accidents at reference sites is provided in Table M.5.3.3.2-1.
The estimated range of environmental data (wet to dry site) and the general public population density data (low
to high density) for the reference sites envelope the site characteristics expected for the direct disposition site. The
dose and cancer fatality estimates are based on the analysis of the accident source terms in Tables M.5.3.3.1-3

and M.5.3.3.1-4 using the MACCS computer code. [Text deleted.]

[Text deleted.]
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M.5.3.4 Immobilized Disposition Alternative for a Deep Borehole Complex

Studies of evaluation basis accidents and beyond evaluation basis accidents have been performed for a deep
borehole immobilized disposal facility in the Fissile Material Disposition Program: Deep Borehole Disposal
Facility PEIS Data Input Report for Immobilized Disposal—Immobilized Disposal of Plutonium in Coated
Ceramic Pellets in Grout Without Canisters. The studies postulated a set of accidents scenarios that were
representative of the risks and consequences for workers and the public that can be expected if the facility were
constructed and operated. Although not all potential accidents were addressed, those that were postulated have
consequences and risk that are expected to envelop the consequences and risks of an operating facility. In this
manner, no other credible accidents with an expected frequency of occurrence larger than 1.0x10'7/yr are
anticipated that will have consequences and risks larger than those described in this section.

M.5.34.1 Accident Scenarios and Source Terms

A wide range of hazardous conditions and potential accidents were identified as candidates to represent the risks
to workers and the public of operating the facility. Through a screening process, 14 evaluation basis accidents
and 4 beyond evaluation basis accidents were selected for further definition and analysis. Descriptive
information on these accidents is provided in Tables M.5.3.4.1-1 and M.5.3.4.1-2. Accident source term
information is provided in Tables M.5.3.4.1-3 and M.5.3.4.14. Descriptions of accident scenarios are provided

in Table M.5.3.4.1-5.

M-334



Health and Safety

Table M.5.3.4.1-1. Evaluation Basis Accident Scenarios for Immobilized Disposition

at the Deep Borehole Complex

Source Term

Accident Source Term Released to
Frequency at Risk " Environment
Accident Scenario (per year)
Earthquake 1.0x10® to 1.0x10* 5kgPu 5.0x10'% g Pu
Tornado 1.0x10° to 1.0x10™ NA No release
Flood 1.0x10° to 1.0x10™* NA No release
Pu storage container breakage 1.0x10™ t0 0.01 5kgPu 5.0x102 g Pu
Pu storage container breach 1.0x10"* t0 0.01 5kgPu 5.0x1012 g Pu
..Onsite pellet transporter accident 1.0x10™* t0 0.01 5kg Pu No release
" Pellet-grout mixing process facility fire 1.0x10 t0 1.0x10™ 5kgPu 5.0x101%¢g Py
Ceramic pellet spill 1.0x10" t0 0.01 0.5kg Pu 50x10'13 g Pu
Pellet-grout mix spill 0.01t00.1 05kgPu 3.0x10" g Pu
Failure of ventilation blower 0.01t00.1 NA No release
Loss of electrical power 0.01100.1 NA No release
Bucket Emplacement _
Bucket dropped during emplacement 1.0x10° to 1.0x10°* 834 kg Pu 5.0x1077 gPu
Bucket stuck in the isolation zone 1.0x10°% to 1.0x10™* 834 kg Pu No release
Bucket stuck in emplacement zone 1.0x10° to 1.0x10* 834 kg Pu No release
Failure of release—fails to open 1.0x10° to0 1.0x10™# 834 kg Pu No release
Failure of release—opens early during bucket 1.0x10° to 1.0x10™* 834 kg Pu 2.5x10 g Pu
emplacement
Pellet-grout sets in bucket 1.0x10° to 1.0x10™ 834 kg Pu No release
Mixing system breaks pellets during bucket ~ 1.0x10" to 0.01 834 kg Pu 5.0x108 g Pu
emplacement
Pellets break during bucket emplacement 1.0x10* t0 0.01 834 kg Pu 5.0x108 g Py
release
Emplacement facility fire - combustibles 1.0x10° to 1.0x10™* 834 kg Pu No release
Emplacement facility fire - electrical 1.0x10° t0 1.0x10™ 834 kg Pu No release
Loss of electrical power 0.01t00.1 NA No release
Pumped Emplacement
Rupture of delivery pipe during pumped 1.0x10° to 1.0x10* 100 kg Pu 3.0x107 g Pu
emplacement
Pellet-grout solidifies in delivery pipe 1.0x10* 10 0.01 100 kg Pu No release
Delivery pipe dropped during pumped 1.0x10°6 to 1.0x10™* 100 kg Pu 6.0x108 g Pu
emplacement
Delivery pipe stuck in the borehole <1.0x10°® 100 kg Pu No release
Mixing system breaks pellets during pumped  1.0x10 10 0.01 100 kg Pu 6.0x10° g Pu
emplacement
Pellets break during release during pumped ~ 1.0x10* t0 0.01 100 kg Pu 6.0x10 g Pu

emplacement
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Table M.5.3.4.1-1. Evaluation Basis Accident Scenarios for Immobilized Disposition
at the Deep Borehole Complex—Continued

Source Term
Accident Source Term Released to
Frequency at Risk "Environment
Accident Scenario (per year)
Emplacement facility fire—combustibles 1.0x10° to 1.0x10"* 100 kg Pu No release
Emplacement facility fire—electrical 1.0x10° to 1.0x10™* 100 kg Pu No release
Loss of electrical power 0.01t00.1 NA No release
Note: NA=not applicable.
Source: LLNL 1996h.
Table M.5.3.4.1-2. Beyond Evaluation Basis Accident Scenarios for Immobilized Disposition at
the Deep Borehole Complex
Source Term
Accident Released to
Frequency Source Term at Risk Environment
Accident Scenario (per year)
Failure of ventilation <1.0x10® 0.5 kg Pu 3.0x10° g Pu
filter
Uncontrolled chemical <1.0x106 S5kg Pu 5.0x10°° gPu
reaction
Pellet storage nuclear <1.0x10 1.0x10"? prompt fissions in 8 hrs; noble gas and a
criticality halogen fission products release.
Release factors: 1.0 noble gas, 0.25 halogen
Pellet-grout mixing <1.0x10%  1.0x10'? prompt fissions in 8 hrs; noble gas and a
nuclear criticality halogen fission products release.

Release factors: 1.0 noble gas, 0.25 halogen.

2 See Table M.5.3.4.1-4.
Source: LLNL 1996h.
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Table M.5.3.4.1-4. Immobilized Disposition at the Deep Borehole Complex Beyond Evaluation

Basis Accident Source Terms

Accident Scenario

Pellet-Grout

Failure of Uncontrolled Pellet Mixing
Ventilation Chemical Storage Process
Filter Reaction Nuclear Nuclear
Accident Parameter Criticality® Criticality
Frequency of occurrence (per year) 1.0x10°¢ 1.0x10°6 1.0x10°6 1.0x10°¢
Pu released to environment (g) 3.0x10° 5.0x10° NA NA
Fissions NA NA 1.0x10Y 1.0x10"°
Isotope Released
to Environment (Ci)
Pu-238 4.74x10°12 7.90x10°12 0 0
Pu-239 1.72x10°71° 2.86x10°10 0 0
Pu-240 4.56x10°11 7.60x10711 0 0
Pu-241 1.62x10°10 2.70x10°10 0 0
Pu-242 6.69x10°15 1.12x10' 4 0 0
Am-241 8.52x10'13 1.42x10°12 0 0
Kr-83m 0 0 110 110
Kr-85m 0 0 71 71
Kr-85 0 0 8.1x10 8.1x10™
Kr-87 0 0 430 430
Kr-88 0 0 230 230
Kr-89 0 0 1.3x10 1.3x107*
Xe-131m 0 0 0.1 0.1
Xe-133m 0 0 22 22
Xe-133 0 0 27 27
Xe-135m 0 0 3.3x10° 3.3x10°
Xe-135 0 0 410 410
Xe-137 0 0 4.9x10% 4.9x10*
Xe-138 0 0 1.1x10* 1.1x10*
I-131 0 0 2.75 2.75
I-132 0 0 300 300
I-133 0 0 40 40
I-134 0 0 1.08x10° 1.08x10°
I-135 0 0 113 113

3 Curies produced (by isotope) for the 1.0x10'® fission criticality were scaled from Table M.5.3.1.1-3.

Note: NA=not applicable.

Source: Derived from Tables M.5.1.3.4-1, M.5.3.1.1-3, and M.5.3.4.1-2.
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Table M.5.3.4.1-5. Accident Scenario Descriptions for Immobilized Disposition at

the Deep Borehole Complex

Accident Scenario

Accident Description

Evaluation Basis Accidents
Earthquake

Pu storage container breakage

Pu storage container breach

Pellet-grout muung process
facility fire

Ceramic pellet spill

Pellet-grout mix spill

Dropped bucket during
emplacement

Failure of release—opens early

during bucket emplacement

Mixing system breaks pellets
during emplacement

Pellets break during bucket
emplacement release

Rupture of delivery pipe during

pumped emplacement

M-340

It was postulated that the evaluation basis earthquake would rupture the ceramic
pellet grouting vessel and lines. The Pu-containing particulate would be
removed from the grouting area by the ventilation system. The particulate then
passes through a HEPA filtration system before it is released to the
environment.

It is postulated that a container breakage could occur in ceramic pellet storage.
Respirable fines of ceramic are released to the storage area and collected by the
ventilation system. The airborne fines pass through the ventilation HEPA filters
and are released to the environment.

It is postulated that a container breach could occur in ceramic pellet container
handling operations. A container is punctured during handling and ceramic
pellets spill from the punctured container. Respirable fines of ceramic are
released to the process area and collected by the ventilation system. The
airborne fines pass through the ventilation HEPA filters and are released to the
environment.

Itis postulated that an unimpeded fire begins in the process area which houses the
grouting vessel. The fire breaches the vessel enclosure that contains the Pu-
loaded ceramic pellets. The Pu-containing particulate would be removed from
the process area by the ventilation system. The particulate then passes through
a HEPA filtration system before it is released to the environment.

It is postulated that the ceramic pellets overflow the grouting feed bin and spill
onto the floor. The spill spreads out in a safe geometry. The spill is cleaned up
in two hours but some of the spill material converts to an aerosol and becomes
airborne as respirable particles. The Pu-containing particulate would be
removed from the process area by the ventilation system. The particulate then
passes through a HEPA filtration system before it is released to the
environment. .

Itis postulated that the grouting vessel or the bucket overflows and spills onto the
floor. The spill spreads out in a safe geometry. The spill is cleaned up in 2 hours
but some of the spill material converts to an aerosol and becomes airborne as
respirable particles. The Pu-containing particulate would be removed from the
process area by the ventilation system. The particulate then passes through a
HEPA filtration system before it is released to the environment.

A bucket could be dropped into the borehole as a result of either a structural
failure in the crane, the associated hoisting and securing equipment, or as a
result of operator error. A free-falling bucket could rupture upon impact at the
bottom of the borehole.

The valve at the bottom of the bucket opens prematurely and the pellets and the
cement free fall to the bottom of the borehole. This would probably result in
some broken or fractured pellets.

The pellets are mixed with cement and pushed with water, air pressure, or gravity
into the bucket. Itis postulated that some of the pellets may break or crack due
to unforeseen events in the emplacement process.

Upon release, the pellets and cement will flow out into the borehole. The weight
of the column in the bucket and the pressure that will likely be needed to push
out the mix could cause some of the pellets to break due to some unforeseen
events in the emplacement process.

If the delivery pipe were to rupture, the pellets and cement would free fall to the
bottom of the borehole. This would probably result in some broken or fractured
pellets.
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Table M.5.3.4.1-5. Accident Scenario Descriptions for Immobilized Disposition at
the Deep Borehole Complex—Continued

Accident Scenario Accident Description
Delivery pipe dropped during A delivery pipe could be dropped into the borehole as a result of either a
pumped emplacement structural failure in the crane or drill rig, or as a result to operator erfor.

Substantial quantities of ceramic pellets could be broken or cracked upon
impact at the bottom of the borehole.

Mixing system breaks pellets The pellets are mixed with cement and pushed with water, air pressure, or gravity
during pumped emplacement into the delivery pipe. It is postulated that some of the pellets may break or
crack due to unforeseen events in the process.
Pellets break during pumped Upon release from the end of the delivery pipe, the pellets and cement will flow
emplacement release out into the borehole. The weight of the column in the pipe and the pressure that

will likely be needed to push out the mix could cause some of the pellets to
break due to some unforeseen events in the emplacement process.

Beyond Evaluation Basis Accidents

Failure of ventilation filter A HEPA filter could fail due to moisture collection on the filter, excessive
pressure loading from exhaust blower, excessive heat from a fire, or mechanical
shock. It is postulated that the HEPA filter servicing the grout mixing process
fails concurrently with a grouting process spill accident. Some of the spill
material converts to an aerosol and becomes airborne as respirable particles.
The Pu-containing particulate would be removed from the process area by the
ventilation system, pass through the failed HEPA filters and be released to the
environment.

Uncontrolled chemical reaction  Itis postulated that hydrogen produced in the battery of the uninterruptible power
. system detonates in the grout mix vessel area, fractures pellets in the process,
and some of the fractured pellets becomes airborne as respirable particles. The
Pu-containing particulate would be removed from the process area by the -
ventilation system. The particulate then passes through a HEPA filtration
system before it is released to the environment.

Pellet storage nuclear criticality ~ The designed Pu concentration in the ceramic pellet is sufficiently low to
maintain criticality safe under all postulated accidents and natural conditions.
The facility is designed to preclude flooding in the storage area. A nuclear
criticality accident in the pellet storage vault area is not credible. However, a
criticality accident was postulated, and the assumed criticality accident severity
is based on guidance provided in NRC Regulatory Guide 3.35.

Pellet-grout mixing process The designed Pu concentration in the ceramic pellet is sufficiently low to
nuclear criticality maintain criticality safe under all postulated accidents during grout mixing
process conditions. A nuclear criticality accident in the pellet storage vault area
is not credible. However, a criticality accident was postulated, and the assumed
criticality accident severity is based on guidance provided in NRC Regulatory
Guide 3.35.

Source: LLNL 1996a.

MS5.34.2  Accident Impacts

The estimated range of impacts of the postulated accidents at reference sites are provided in Table M.5.3.4.2-1.
The estimated range of environmental data (wet to dry site) and the general public population density data (low
to high density) for the reference sites envelop the site characteristics expected for the emplacement site. The
dose and cancer fatality estimates are based on the analysis of the accident source terms in Tables M.5.3.4.1-3
and M.5.3.4.14 using the MACCS computer code.

[Text deleted.]
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M.5.3.5 Vitrification Alternative

Studies of evaluation basis accidents and beyond evaluation basis accidents have been performed for a
vitrification facility in the Fissile Material Disposition Program PEIS Data Call Input Report: New Glass
Vitrification Facility. The studies postulated a set of accident scenarios that were representative of the risks and
consequences for workers and the public that can be expected if the facility were constructed and operated.
Although not all potential accidents were addressed, those that were postulated have consequences and risk that
are expected to envelope the consequences and risks of an operating facility. In this manner, no other credible
accidents with an expected frequency of occurrence larger than 1.0x10™'/yr are anticipated that will have
consequences and risks larger than those described in this section. The potential for an aircraft crash has been
considered and dismissed because the probability of a crash into a facility and causing sufficient damage to
release Pu is much less than 10'7/yr.

M.5.3.5.1 Accident Scenarios and Source Terms

A wide range of hazardous conditions and potential accidents were identified as candidates to represent the risks
to workers and the public of operating the facility. Through a screening process, seven evaluation basis
accidents and three beyond evaluation basis accidents were selected for further definition and analysis.
Descriptive information on these accidents is provided in Tables M.5.3.5.1-1 and M.5.3.5.1-2. Accident source
term information is provided in Tables M.5.3.5.1-3 and M.5.3.5.1-4. Descriptions of accident scenarios are

provided in Table M.5.3.5.1-5.

Table M.5.3.5.1-1. Evaluation Basis Accident Scenarios for the Vitrification Alternative

Source Term
Released to
Accident Frequency At Risk Environment
Accident Scenario (per year)
Blender spill 0.01t00.1 82.5 kg Pu 1.24x10° g Pu
9.23x10% Ci Cs 1.38x103 Ci Cs
Loss of offsite power 0.01t00.1 No release No release
Melter spill 1.0x10* t0 0.01 82.5 kg Pu 6.2x10”7 gPu
9.23x10* Ci Cs 6.9x107 Ci Cs
Cs capsule drop 1.0x10* t0 0.01 70kCi Cs 1.75x107 Ci Cs
Canister drop 1.0x10™ 10 0.01 82.5 kg Pu 6.1x10¢ g Pu
9.23x10* Ci Cs 6.83x10° Ci Cs
CPC ion column fire 1.0x10 to0 0.01 9.23x10* Ci Cs 0.23Ci Cs
Pu oxide solids fire oven 1.0x10 t0 0.01 SkgPu 1.5x108 g Pu
Earthquake 1.0x10 10 1.0x10™* 170 kg Pu 3.86x10* g Pu
347 Ci Cs 6.59x107 Ci Cs
Tornado 1.0x10 to 1.0x10°* No release No release
Flood 1.0x10 to 1.0x10™* No release " No release

Source: LLNL 1996¢.
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Table M.5.3.5.1-2. Beyond Evaluation Basis Accident Scenarios for the Vitrification Alternative

Source Term
Released to
Accident Frequency At Risk Environment
Accident Scenario (per year)
Cs fire <1.0x10'6 1.3x10% Ci Cs 1.3 CiCs
Blender fire <1.0x10® 82.5 kg Pu 5.16x10° g Pu
9.23x10*Ci Cs 0.231CiCs
Nuclear criticality in Pu oxide oven <1.0x10 1.0x10"® fissions. a

Release fractions:
0.5 noble gases, 0.05
iodine.

2 See Table M.5.3.5.1-4.
Source: LLNL 1996c.
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Table M.5.3.5.1-4. Vitrification Alternative Beyond Evaluation Basis Accident Source Terms

Accident Scenario

Nuclear Criticality in Pu
Accident Parameter Cs Fire Blender Fire Oxide Furnace®
Frequency of occurrence 1.0x10°6 1.0x10°¢ 1.0x10°°
(per year)
Pu released to environment (g) NA 5.16x107 NA
Cs released to environment (Ci) 1.3 0.231 NA
Fissions NA NA 1.0x10'8
Isotope Released to Environment
(Ci)
Pu-238 0 8.15x10°8 0
Pu-239 0 2.95x10°6 0
Pu-240 0 7.84x10°7 0
Pu-241 0 2.78x107® 0
Pu-242 0 1.15x10°10 0
Am-241 0 1.47x10°8 0
Cs-137 1.3 0.231 0
Kr-83m 0 0 5.5
Kr-85m 0 0 3.55
Kr-85 0 0 4.05x107>
Kr-87 0 0 21.5
Kr-88 0 0 11.5
Kr-89 0 0 650
Xe-131m 0 0 5.0x1073
Xe-133m 0 0 0.11
Xe-133 0 0 1.35
Xe-135m 0 0 165
Xe-135 0 0 20.5
Xe-137 0 0 2.45x10°
Xe-138 0 0 550
I-131 0 0 0.055
I-132 0 - 0 6
1-133 0 0 0.8
I-134 0 0 21.5
I-135 0 0 2.25

3 Curies produced (by isotope) or the 1.0x10'8 fission criticality were scaled from Table M.5.3.1.1-3.

Note: NA=not applicable.

Source: Derived from Tables M.5.1.3.4—-1, M.5.3.1.1-3, and M.5.3.5.1-2.
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Table M.5.3.5.1-5. Accident Scenario Descriptions for the Vitrification Alternative

Accident Scenario Accident Description

Evaluation Basis Accidents
Blender spill The spill occurs as material is transferred from the blender to the melter. Fine
particulate materials that became airborne during the spill would be removed
from the area by the ventilation system and passed through HEPA filters before
release to the environment.

Melter spill The source document provided summary data in a tabular format for this accident
' scenario. This accident scenario was not described in the source document.
Cs capsule drop The source document provided summary data in a tabular format for this accident
scenario. This accident scenario was not described in the source document.
Canister drop It was postulated that the impact shatters the glass and disperses the fragments

into the cell atmosphere. Fine particulate materials that became airborne would
be removed from the area by the ventilation system and passed through HEPA
filters before release to the environment.

CPC ion column fire The source document provided summary data in a tabular format for this accident
scenario. This accident scenario was not described in the source document.

Pu oxide oven solids fire The source document provided summary data in a tabular format for this accident
scenario. This accident scenario was not described in the source document.

Earthquake Contents of the blender, melter, Pu oxide oven the Cs preparation cell would be

spilled. Fine particulate materials that became airborne during the spills would
be removed from the area by the ventilation system and passed through HEPA
filters before release to the environment.
Beyond Evaluation Basis
Accidents
Cs fire The combustible load for the processes involving Cs is very low. The Cs is in the
form of CsCl which is not flammable. A large fire was postulated in the process

area and all Cs effected by the fire was released to the area ventilation system
and passed through HEPA filters before release to the environment.

Blender fire The combustible load in the process is very low. The process involves no
flammable material. A large fire was postulated in the process cell. It is
assumed that the fire ruptures the blender and the blender contents are exposed
to the fire. The resultant airborne material is removed by the area ventilation
system and passed through HEPA filters before release to the environment.

Nuclear criticality in Pu oxide A criticality event was assumed to occur in the Pu oxide oven process area and
fumace the assumed criticality accident severity is based on guidance provided in NRC
Regulatory Guide 3.35.

Source: LLNL 1996c.

M.S5.3.5.2  Accident Impacts
The estimated impacts of the postulated accidents at each site are provided in Tables M.5.3.5.2-1 through

M.5.3.5.2-6. The dose and cancer fatality estimates are based on the analysis of the accident source terms in
Tables M.5.3.5.1-3 and M.5.3.5.1—4 using the MACCS computer code. [Text deleted.]
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Table M.5.3.5.2-1.

Vitrification Alternative Accident Impacts at Hanford Site

Maximum Offsite

Worker at 1,000 m Individual Population to 80 km
Probability Probability Number
of Cancer of Cancer Dose of Cancer Accident
Dose Fatality® Dose Fatality?  (person- Fatalities? Frequency
Accident Scenario (rem) (rem) rem) (per year)
Blender spill 46x10%  1.8x10°  34x10®  1.7x10""  3.ax10*  1.5x107 0.05
Melter spill 23x107  9.ax10'!  1.7x10°  8.6x10'3  1.5x10°  7.6x10°  1.0x107
Cs capsule drop 13x10%  53x10°1%  8.0x10°  4.0x10'?  1.3x10%  6.4x10%  1.0x107
Canister drop 22x10%  9.0x10°  17x10®%  85x102  15x10%  7.5x10%  1.0x10°
Cs ion processing fire 0.017 6.9x10°  1.1x10%  5.3x10%® 1.7 8.4x10*  1.0x107?
Pu oxide oven solids fire  4.3x10°  1.7x10712  3.4x10''  1.7x10°"*  25x107  1.2x10°'0  1ox107
Earthquake L1x10*  4.4x10%  8.8x107 4.4x10'0  6.4x10°  32x10%  1.0x107
Cs fire 0.098 39x10°  6.0x10*  3.0x107 9.5 4.7x103  1.0x10°
Blender fire 0.017 7.0x10%  1.1x10*%  5.3x10°8 1.7 8.4x10%  1.0x10°®
Nuclear criticality in Pu ~ 1.0x103  42x107  6.5x10%  3.3x10°  7.0x103  3.5x106  1.0x10°

oxide furnace

[Text deleted.]

2 Increased likelihood (or probability) of cancer fatality 10 a hypothetical individual (a single onsite worker at a distance of 1,000 m
or the site boundary, whichever is smaller, or to a hypothetical individual in the offsite population located at the site boundary) if
exposed to the indicated dose. The value assumes the accident has occurred.

b Estimated number of cancer fatalities in the entire offsite population out to a distance of 80 km if exposed to the indicated dose.
The value assumes the accident has occurred.

Note: All values are mean values.

Source: Calculated using the source terms in Tables M.5.3.5.1-3 and M.5.3.5.1-4 and the MACCS computer code.
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Table M.5.3.5.2-2. Vitrification Alternative Accident Impacts at Nevada Test Site

Maximum Offsite

Worker at 1,000 m Individual Population to 80 km
Probability Probability Number
of Cancer of Cancer Dose of Cancer Accident
Dose Fatality? Dose Fatality® (person- Fatalities” Frequency
Accident Scenario (rem) (rem) rem) (per year)
Blender spill 3.1x100  12x10°  55x10%  2.8x107''  7.0x10°  3.5x107° 0.05
Melter spill 1.6x107  62x10'!  27x10°  1.4x10'2 35x107  1.7x10°'0 1.0x1073
Cs capsule drop 89x107  3.6x10'°  13x10%  6.6x10'%  3.0x10° 1.5x10°  1.0x103
Canister drop 15100 6.1x10'0  27x10%  1.4x10'!  34x10%  1.7x10°  L.ox103
Cs ion processing fire 0.012 4.7x10°° 1.7x10™* 8.7x10°8 0.039 1.9x107 1.0x10°3
Pu oxide oven solids fire  2.9x107  1.2x10'2  54x10""  2.7x10™*  56x10°  2.8x10'2  1.0x107
Earthquake 7.5x10°  3.0x10®  1.4x10%  9.0x10'° 1.4x10*  7.2x10%  1.0x107
Cs fire 0.066 26x10°  9.8x10%  4.9x107 0.22 1.1x10%  1.0x10®
Blender fire 0.012 47x10%  1.8x104  8.7x10°% 0.039 2.0x10°  1.0x10¢

Nuclear criticality in Pu ~ 7.7x10%  3.1x107  13x10°  6.5x10°  1.4x10*  6.9x10®  1.0x10°
oxide furnace

[Text deleted.]

2 Increased likelihood (or probability) of cancer fatality to a hypothetical individual (a single onsite worker at a distance of 1,000 m
or the site boundary, whichever is smaller, or to a hypothetical individual in the offsite population located at the site boundary) if
exposed to the indicated dose. The value assumes the accident has occurred.

b Estimated number of cancer fatalities in the entire offsite population out to a distance of 80 km if exposed to the indicated dose. The
value assumes the accident has occurred.

Note: All values are mean values.
Source: Calculated using the source terms in Tables M.5.3.5.1-3 and M.5.3.5.1-4 and the MACCS computer code.
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Table M.5.3.5.2-3. Vitrification Alternative Accident Impacts at Idaho National Engineering Laboratory

Maximum Offsite

Worker at 1,000 m Individual Population to 80 km
Probability Probability Number
of Cancer of Cancer Dose of Cancer Accident
Dose Fatality® Dose Fatality?  (person- Fatalities” Frequency
Accident Scenario (rem) (rem) rem) (per year)
Blender spill 42x10°  1.7x10°  3.5x10%  17xio" 93x10° 4.7x10® 0.05
Melter spill 2.1x107  8.4x1071t  1.7x10°  8.7x10  4.7x10®  23x10°  1.0x1073
Cs capsule drop 1.2x10°  4.6x10'°  7.7x10° 3.8x102  4.0x10°  2.0x10%  1.0x107
Canister drop 2.1x10%  83x1010  1.7x10®%  85x101?7  4.6x10°  23x10%  1.0x1073
Cs ion processing fire 0.015 6.1x10%  1.0x10*  5.0x10% 0.53 2.6x10%  1.0x10°3
Pu oxide oven solids fire  4.0x10°  1.6x1012  3.4x10"!  17x10"*  7.4x10®  3.7x10"  1.0x1073
Earthquake 1.0x10%  4.1x10%  8.8x107  4.4x10'°  1.9x10° 9.6x107  1.0x107
Cs fire 0.086 3.4x10°  57x10%  2.9x107 3.0 1.5x103  1.0x10®
Blender fire 0.015 6.1x10%  1.0x10*  5.1x108 0.53 2.7x10%  1.0x10°®
Nuclear criticality in Pu ~ 1.0x10  4.0x107  7.7x10%  3.9x10°  1.8x10°  9.0x107  1.0x10®

oxide furnace
[Text deleted.]

3 Increased likelihood (or probability) of cancer fatality to a hypothetical individual (a single onsite worker at a distance of 1,000 m
or the site boundary, whichever is smaller, or to a hypothetical individual in the offsite population located at the site boundary) if
exposed to the indicated dose. The value assumes the accident has occurred.

b Estimated number of cancer fatalities in the entire offsite population out to a distance of 80 km if exposed to the indicated dose.
The value assumes the accident has occurred.

Note: All values are mean values.

Source: Calculated using the source terms in Tables M.5.3.5.1-3 and M.5.3.5.1-4 and the MACCS computer code.
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Table M.5.3.5.2—4. Vitrification Alternative Accident Impacts at Pantex Plant

Maximum Offsite

Worker at 1,000 m Individual Population to 80 km
Probability Probability Number
of Cancer of Cancer Dose of Cancer Accident
Dose Fatality® Dose Fatality*  (person- Fatalities? Frequency
Accident Scenario (rem) (rem) rem) (per year)
Blender spill 1.9x10°  7.5x10'%  42x107  2.1x10'%  1.0x10%  5.0x10° 0.05
Melter spill 9.3x10®%  37x10""  2.1x10%  1.0x101!  5.0x10°%  25x10°  1.0x1073
Cs capsule drop 56x107  22x10'®  12x107  59x10'!!  3.8x10°  19x10%  1.0x1073
Canister drop 9.2x107  37x10  2.1x107  1.0x10'®  4.9x107 2.5x10°¢ 1.0x10°3
Cs ion processing fire 7.4x103  3.0x10%  15x103  7.7x107 0.51 2.5x10%  1.0x1073
Pu oxide oven solids fire  1.7x10°  6.9x10713  4.0x1010 20x10  8.4x10% 4.2x10"  1.0x1073
Earthquake 4.4x10°  1.8x10%  10x10°  5.1x10°  22x10%  1.1x10°  1.0x107
Cs fire 0.042 1.7x10°  87x103  4.4x10® 29 1.4x10%  1.0x10°®
Blender fire 74x103  3.0x10%  1.6x10°  7.8x107 0.51 2.5x10%  1.0x10°

Nuclear criticality in Pu ~ 4.8x10%  1.9x107  1.4x10*  7.0x10®  4.5x103  22x10%  1.0x10°
oxide furnace

[Text deleted.]

2 Increased likelihood (or probability) of cancer fatality to a hypothetical individual (a single onsite worker at a distance of 1,000 m
or the site boundary, whichever is smaller, or to a hypothetical individual in the offsite population located at the site boundary) if
exposed to the indicated dose. The value assumes the accident has occurred.

b Estimated number of cancer fatalities in the entire offsite population out to a distance of 80 km if exposed to the indicated dose. The
value assumes the accident has occurred.

Note: All values are mean values.

Source: Calculated using the source terms in Tables M.5.3.5.1-3 and M.5.3.5.1—4 and the MACCS computer code.

M-352




Health and Safety

Table M.5.3.5.2-5. Vitrification Alternative Accident Impacts at Oak Ridge Reservation

Maximum Offsite

Worker at 1,000 m Individual Population to 80 km
Probability Probability Number
of Cancer of Cancer Dose of Cancer Accident
Dose Fatality?® Dose Fatality (person- Fatalities® Frequency
Accident Scenario (rem) (rem) rem) (per year)
Blender spill 43x10°  1.7x10°  73x107  3.7x10'0  7.1x10%  3.5x107 0.05
Melter spill 2.1x107  8.ex101  3.7x10%  1.8x10t!  35x10°  1.8x10®  1.0x107
Cs capsule drop 1.3x10%  52x10'°  2.1x107  1.0x107°  2.7x10* 1.3x1077 1.0x1073
Canister drop 2.1x10%  8.4x100  36x107  1.8x10770  35x10*  1.7x107  1.0x107
Cs ion processing fire 0.017 6.8x10°° 2.7x10°3 1.4x10°0 35 1.8x1073 1.0x10°
Pu oxide oven solids fire  3.9x10°  1.6x107'2  69x10710 35x10  6.0x107  3.0x10'°  1.0x107
Earthquake 1.0x10%  4.1x10%  1.8x10°  8.9x10° 0.015 7.7x10®  1.0x107
Cs fire 0.095 3.8x107 0.015 7.7x10°® 19.8 9.9x103  1.0x10°
Blender fire 0.017 6.8x10°%  2.7x107  1.4x10° 35 1.8x10°  1.0x10°
Nuclear criticality inPu ~ 9.5x10%  3.8x107  1.7x10*%  8.5x10°% 0.031 1.6x10°  1.0x10°

oxide furnace
[Text deleted.]

2 Increased likelihood (or probability) of cancer fatality to a hypothetical individual (a single onsite worker at a distance of 1,000 m
or the site boundary [1,000 m for this facility at ORR], whichever is smaller, or to a hypothetical individual in the offsite population
located at the site boundary) if exposed to the indicated dose. The value assumes the accident has occurred.

b Estimated number of cancer fatalities in the entire offsite population out to a distance of 80 km if exposed to the indicated dose. The

value assumes the accident has occurred.

Note: All values are mean values.
Source: Calculated using the source terms in Tables M.5.3.5.1-3 and M.5.3.5.1-4 and the MACCS computer code.
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Table M.5.3.5.2-6. Vitrification Alternative Accident Impacts at Savannah River Site

Maximum Offsite

Worker at 1,000 m Individual Population to 80 km
Probability Probability Number
of Cancer of Cancer Dose of Cancer Accident
Dose Fatality? Dose Fatality® (person- Fatalities® Frequency
Accident Scenario (rem) (rem) rem) (per year)
Blender spill 3.0x100  12x10°  s58x10%  29x10T"  3.2x10*  1.6x107 0.05
Melter spill 1.5x107  6.1x10 29x10°  1.5x10'2  1.6x10°  8.0x107  1.0x103
Cs capsule drop 9.2x107  3.7x10"°  1.6x10® 82x10'2 13x10%  6.4x10%  1.0x103
Canister drop 1.5x10%  6.0x1010  29x10% 1.4x10"!  Lex10%  7.9x10%  1.0x107
Cs ion processing fire 0.012 4.8x10° 2.2x104 1.1x1077 1.7 8.4x10™ 1.0x10°3
Pu oxide oven solids fire  2.8x107  L.1x102  s5s5x10t  27x102 2.7x107  1.3x10°'°  1.0x107
Earthquake 7.2x10°  29x10%  1.4x10°  7.1x10'0  6.8x102  3.4x10®  1.0x107
Cs fire 0.068 2.7x10°  1.2x10°  6.1x1077 9.5 47x107%  1.0x10®
Blender fire 0.012 4.8x10°  22x10*  1.1x107 1.7 8.4x10*  1.0x100
Nuclear criticality in Pu ~ 6.9x10*  2.8x107  1.1x10°  5.7x10°  9.4x103  47x10°  1.0x10°

oxide furnace
[Text deleted.]

3 Increased likelihood (or probability) of cancer fatality to a hypothetical individual (a single onsite worker at a distance of 1,000 m
or the site boundary, whichever is smaller, or to a hypothetical individual in the offsite population located at the site boundary) if
exposed to the indicated dose. The value assumes the accident has occurred.

b Estimated number of cancer fatalities in the entire offsite population out to a distance of 80 km if exposed to the indicated dose. The

value assumes the accident has occurred.

Note: All values are mean values.

Source: Calculated using the source terms in Tables M.5.3.5.1-3 and M.5.3.5.1-4 and the MACCS computer code.

M-354



Health and Safety

M.5.3.6 Ceramic Immobilization Alternative

Studies of evaluation basis accidents and beyond evaluation basis accidents have been performed for a ceramic
immobilized facility in the Fissile Material Disposition Program PEIS Data Call Input Report: Ceramic
Immobilization Facility with Radionuclides. The studies postulated a set of accidents scenarios that were
representative of the risks and consequences for workers and the public that can be expected if the facility were
constructed and operated. Although not all potential accidents were addressed, those that were postulated have
consequences and risk that are expected to envelop the consequences and risks of an operating facility. In this
manner, no other credible accidents with an expected frequency of occurrence larger than 1.0x10°7 per year are
anticipated that will have consequences and risks larger than those described in this section. The potential for
an aircraft crash has been considered and dismissed because the probability of a crash into a facility and causing
sufficient damage to release Pu is much less than 10'7/yr.

M.5.3.6.1  Accident Scenarios and Source Terms

A wide range of hazardous conditions and potential accidents were identified as candidates to represent the risks
to workers and the public of operating the facility. Through a screening process, nine evaluation basis accidents
and four beyond evaluation basis accidents were selected for further definition and analysis. Descriptive
information on these accidents is provided in Tables M.5.3.6.1-1 and M.5.3.6.1-2. Accident source term

information is provided in Tables M.5.3.6.1-3 and M.5.3.6.14. Descriptions of accident scenarios are provided
in Table M.5.3.6.1-5.

Table M.5.3.6.1~-1. Evaluation Basis Accident Scenarios for the Ceramic Immobilization Alternative

Source Term Released to

Accident Frequency Source Term at Risk Environment
Accident Scenario (per year)
Earthquake 1.0x10 to 1.0x10™* 7kgPu 7.0x10 g Pu
Tornado 1.0x10°6 to 1.0x 10 No Release No Release
Flood 1.0x10°6 to 1.0x10* No Release No Release
Glovebox fire 1.0x10°6 to 1.0x10* 7 kg Pu 7.0x10 g Pu
Glovebox nuclear criticality ~ 1.0x10° to 1.0x10* 108 fissions. Release a
fractions: 1.0 noble gases,
0.25 halogens.
Mixing tank nuclear 1.0x10% 10 1.0x104  1.0x10" fissions total. a
criticality 1.0x10' fissions initial,
47 pulses of 1.0x107
fissions at 10 minute
intervals. Release
fractions: 1.0 noble gases,
0.25 halogens.
Bellows drop 1.0x10" t0 0.01 4 kg Pu 4.0x10°g Pu
4,330 Ci Cs 4.3x10°Ci Cs
Canister drop 1.0x10* t0 0.01 No Release No Release
Cs capsule drop 1.0x10* 10 0.01 4.0x107 Ci Cs 4.0x10Ci Cs
Plutony! nitrate dissolver 0.01 10 0.1 0.4 kg Pu 2.4x10"'1 g Pu
spill
Calciner feed spill 0.0110 0.1 2.5kgPu 1.25x10%g Py
2,740 Ci Cs 1.37x10°1°Ci Cs
Calciner product spill 0.01t00.1 5kgPu 3.5x10% g Pu
5,480 CiCs 3.8x108CiCs
Loss of off-site power 0.01t0 0.1 No Release No Release

3 See Table M.5.3.6.1-3.

Source: LLNL 1996d; NRC 1979a.
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Table M.5.3.6.1-2. Beyond Evaluation Basis Accident Scenarios for the Ceramic Immobilization

Alternative
Source Term Released to
Accident Frequency Source Term at Risk Environment
Accident Scenario (per year) '
Cs fire <1.0x10° 1.3x10° Ci Cs 1.3x10 Ci Cs
Process cell fire <1.0x10° 50 kg Pu 5.0x107 g Pu
Nuclear criticality <1.0x10°® 3.0x100 fissions total. a
5.0x10!? fissions initial,
47 pulses of 5.0x10'8
fissions at 10 minute
intervals. Release
fractions: 1.0 noble gases,
0.25 halogens.
Uncontrolled chemical <1.0x10°6 25kg Pu 2.5x107 g Pu
reaction 27,400 Ci Cs 2.74x107 Ci Cs

3 See Table M.5.3.6.1-4.
Source: LLNL 1996d; NRC 1979a.
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Table M.5.3.6.1-4. Ceramic Immobilization Alternative Beyond Evaluation Basis Accident Source Terms

Accident Scenario

Uncontrolled

Nuclear Chemical
Accident Parameter Cs Fire Process Cell Fire  Criticality® Reaction
Frequency of occurrence (per year)b 1.0x10°® 1.0x10° 1.0x10°® 1.0x10°¢
Pu released to environment (g) NA 5.0x1077 NA 2.5x lO'7g
Cs released to environment (Ci) 1.3x10° NA NA 2.74x1077
Fissions NA NA 3.0x10%0 NA
Isotope Released to
Environment (Ci)
Pu-238 0 7.9x10°10 0 3.95x10°1°
Pu-239 0 2.86x10°8 0 1.43x10°8
Pu-240 0 7.60x10°° 0 3.80x10"°
Pu-241 0 2.69x10°8 0 1.35x10°8
Pu-242 0 1.12x10°12 0 5.58x10°13
Am-241 0 1.42x10°10 0 7.10x10°!!
Cs-137 1.3x107 0 0 2.74x107
Kr-83m 0 0 3.3x10° 0
Kr-85m 0 0 2.13x10% 0
Kr-85 0 0 0.0243 0
Kr-87 0 0 1.29x10* 0
Kr-88 0 0 6.90x10° 0
Kr-89 0 0 3.90x10° 0
Xe-131m 0 0 3.0 0
Xe-133m 0 0 66 0
Xe-133 0 0 810 0
Xe-135m 0 0 9.9x10* 0
Xe-135 0 0 1.23x10* 0
Xe-137 0 0 1.47x10° 0
Xe-138 0 0 3.3x10° 0
I-131 0 0 825 0
1-132 0 0 9.0x103 0
1-133 0 0 1.2x10° 0
I-134 0 0 3.23x10* 0
1135 0 0 3.38x10° 0

2 Curies produced (by isotope) for the 3.0x10?° fission criticality was scaled from Table M.5.3.1.1-3.
b Midpoint of estimated frequency range.

Note: NA=not applicable.

Source: Derived from Tables M.5.1.3.4-1, M.5.3.1.1-3, and M.5.3.6.1-2.
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Table M.5.3.6.1-5. Accident Scenario Descriptions for Ceramic Immobilization Alternative

Accident Scenario

Accident Description

Evaluation Basis Accidents
Earthquake

Glovebox fire

Glovebox nuclear criticality
Mixing tank nuclear criticality

Bellows drop

Cs capsule drop

Plutonyl nitrate dissolver spiil

Calciner feed spill

Calciner product spill

Beyond Evaluation Basis
Accidents
_Cs fire

Process cell fire

M-360

It is assumed that the earthquake starts a fire in the room housing the Pu metal
glovebox line. The fire is unimpeded and breaches a glovebox containing Pu.
The glovebox inert atmosphere is lost and the Pu ignites. The ventilation
system removes the Pu-containing gases from the area. The gasses pass through
HEPA filters and are then released to the environment.

It is assumed that an unimpeded fire begins in the room housing the Pu metal
glovebox line and breaches a glovebox containing Pu. The glovebox inert
atmosphere is lost and the Pu ignites. The ventilation system removes the Pu-
containing gases from the area. The gases pass through HEPA filters and are
then released to the environment.

It is assumed that controls are violated so that additional fissile material is
introduced into a double batched glovebox. This results in a criticality.

Tt is assumed that controls are violated so that limits on fissile materials and

poison controls are violated. A pulsed criticality event results.

A bellows is dropped 6 m during handling. The force of the drop factures the
ceramic material and ruptures the bellows. Respirable fines of ceramic are
released to the cell and collected by the ventilation system. The airborne fines
pass through HEPA filters and are released to the environment.

A capsule is dropped 6 m during handling. The force of the drop fractures the
CsCl material and ruptures the capsule. Respirable fines of CsCl are released
to the cell and collected by the ventilation system. The airborne fines pass
through HEPA filters and are released to the environment.

It is postulated that the dissolver overflows the spills onto the floor. The spill
spreads out in a safe geometry. The spill is cleaned up in two hours but some of
the spill material is aerosolized and becomes airborne as respirable particies.
The Pu-containing particulate would be removed from the process area by the
ventilation system. The particulate then passes through a HEPA filtration
system before it is released to the environment.

It is postulated that the calciner feed make-up tank overflows and spills onto the
floor. The spill spreads out in a safe geometry. The spill is cleaned up in two
hours but some of the spill material is aerosolized and becomes airborne as
respirable particles. The Pu-containing particulate would be removed from the
process area by the ventilation system. The particulate then passes through a
HEPA filtration system before it is released to the environment.

It is postulated that the calciner product bin overflow and spills powder onto the
floor. The spill spreads out in a safe geometry. The spill is cleaned up in two
hours but some of the spill becomes airborne as respirable particles. The Pu-
containing particulate would be removed from the process area by the
ventilation system. The particulate then passes through a HEPA filtration
system before it is released to the environment.

" The combustible load for the processes involving Cs is very low. The Cs is in the

form of CsClI which is not flammable. A large fire was postulated in the process
area and all Cs effected by the fire was released to the area ventilation system
and passes through HEPA filters before release to the environment.

The combustible load in the remote process cells is very low. The process
involves no flammable material. A large fire was postulated in the process cell.
It is assumed that the fire ruptures the calciner product bins and the contents are
exposed to the fire. The resultant airborne material is removed by the area
ventilation system and passed through HEPA filters before release to the
environment.
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| Table M.5.3.6.1-5. Accident Scenario Descriptions for Ceramic Immobilization Alternative—Continued

Accident Scenario Accident Description
Nuclear criticality A criticality event was assumed to occur in the facility and the assumed criticality
accident severity is based on guidance provided in NRC Regulatory Guide
3.35.

Uncontrolled chemical reaction ~ Radiolytic hydrogen will be produced in the solutions in the facility. It was
assumed that hydrogen accumulated within tanks because the tanks were
isolated from the gas treatment system from a considerable period of time. It
was postulated that hydrogen detonated in the calciner feed tank and some of
the tank contents became airborne. The resultant airborne material is removed
by the area ventilation system and passed through HEPA filters before release
to the environment.

Source: LLNL 1996d.

M.5.3.6.2  Accident Impacts
The estimated impacts of the postulated accidents at each site are provided in Tables M.5.3.6.2-1 through

M.5.3.6.2-6. The dose and cancer fatality estimates are based on the analysis of the accident source terms in
Tables M.5.3.6.1-3 and M.5.3.6.14 using the MACCS computer code. [Text deleted.]
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M.5.3.7 Ceramic Immobilization Facility for Immobilized Disposition Alternative

Studies of evaluation basis accidents and beyond evaluation basis accidents have been performed for a ceramic
immobilization facility in the Fissile Material Disposition Program PEIS Data Call Input Report: Ceramic
Immobilization Facility Using Coated Pellets Without Radionuclides. The studies postulated a set of accident
scenarios that represented the risks and consequences for workers and the public that can be expected if the
facility were constructed and operated. Although not all potential accidents were addressed, those that were
postulated have consequences and risks that are expected to envelop the consequences and risks of an operating
facility. In this manner, no other credible accidents with an expected frequency of occurrence larger than
1.0x1077 per year are anticipated that will have consequences and risks larger than those described in this
section. The potential for an aircraft crash has been considered and dismissed because the probability of a crash
into a facility and causing sufficient damage to release Pu is much less than 10'7/yr.

M.5.3.7.1 Accident Scenarios and Source Terms

A wide range of hazardous conditions and potential accidents were identified as candidates to represent the risks
to workers and the public operating the facility. Through a screening process, nine evaluation basis accidents
and three beyond evaluation basis accidents were selected for further definition and analysis. Descriptive
information on these accidents is provided in Tables M.5.3.7.1-1 and M.5.3.7.1-2. Accident source term
information is provided in Tables M.5.3.7.1-3 and M.5.3.7.1-4. Descriptions of accident scenarios are provided
in Table M.5.3.7.1-5.

Table M.5.3.7.1-1. Evaluation Basis Accident Scenarios for Immobilized Disposition at the Ceramic
Immobilization Facility

Accident Frequency Source Term at Risk Source Term Released to
Accident Scenario (per year) Environment

Earthquake 1.0x10 to 1.0x10* 20 kg Pu 2.0x107 g Pu
Tornado 1.0x10° to 1.0x10% No Release No Release
Flood 1.0x10° to 1.0x10™ No Release No Release
Glovebox fire 1.0x10 t0 1.0x10* 20 kg Pu 2.0x107 gPu
Glovebox nuclear criticality 1.0x10° to 1.0x10 1.0x10' fissions. Release a

fractions: 1.0 noble gases,

0.25 halogens.
Calciner feed tank nuclear 1.0x10° to 1.0x10™ 1.0x 10! fissions total, a

criticality 1.0x10'2 fissions initial,

47 pulses of 1.0x10'7
fissions at 10 minute
intervals. Release
fractions: 1.0 noble gases,

0.25 halogens.
Ceramic can drop 1.0x10* t0 0.01 0.5 kg Pu 5.0x10°10 gPu
Pellet container breakage 1.0x10™ t0 0.01 SkgPu . 5.0x10°12 gPu
Dissolver spill 0.01 t0 0.1 0.4 kg Pu 2.4x107" g Pu
Calciner feed spill 0.0110 0.1 1.4 kg Pu 7.0x10°'! g Pu
Calciner product spill 0.01t00.1 2.5kgPu 1.75x10® g Pu
Loss of offsite power 0.01t00.1 No Release No Release

2 See Table M.5.3.7.1-3.
Source: LLNL 1996e.
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Table M.5.3.7.1-2. Beyond Evaluation Basis Accident Scenarios for Immobilized Disposition at the
Ceramic Immobilization Facility

Source Term Released to

Accident Frequency Source Term at Risk Environment
Accident Scenario (per year)

Sintering furnace explosion <1.0x10°® 3kgPu 3.0x10 gPu
Uncontrolled chemical <1.0x10°® 14 kg Pu 1.4x103 g Pu

reaction
Pu storage nuclear <1.0x10°6 10'3 fissions. Release a

criticality fractions: 1.0 noble gases,

0.25 halogens.

3 See Table M.5.3.7.14.
Source: LLNL 1996e.
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Table M.5.3.7.1-4. Immobilized Disposition at the Ceramic Immobilization Facility Beyond Evaluation
Basis Accident Source Terms

Accident Scenario

Sintering Furnace  Uncontrolled Chemical Nuclear
Accident Parameter Explosion Reaction Criticality®
Frequency of occurrence (per year)® 1.0x10° 1.0x10 1.0x10°
Pu released to environment (g) 3.0x10* 1.4x10°° NA
Fissions NA NA 1.0x10!8
Isotope Released to Environment
(Ch
Pu-238 4.74x10°7 2.21x10°® 0
Pu-239 1.72x1073 8.01x10”7 0
Pu-240 4.56x10 2.13x10™7 0
Pu-241 1.62x107 7.55x1077 0
Pu-242 6.69x10°10 3.12x10'1 0
Am-241 8.52x10°8 3.98x107? 0
Kr-83m 0 0 11
Kr-85m 0 0 7.1
Kr-85 0 0 8.1x107
Kr-87 0 0 43
Kr-88 0 0 23
Kr-89 0 0 1.3x10°
Xe-131m 0 0 0.01
Xe-133m 0 0 0.22
Xe-133 0 0 2.7
Xe-135m 0 0 330
Xe-135 0 0 41
Xe-137 0 ] 4.9x103
Xe-138 0 0 1.1x103
I-131 0 0 0.28
1-132 0 0 30
I-133 0 0 4
I-134 0 0 108
1-135 0 0 11.3

2 Curies produced (by isotope) for the 1.0x10"3 fission criticality were scaled from Table M.5.3.1.1-3.
b Maximum of the estimated frequency range.

Note: All values are mean values.

Source: Derived from Tables M.5.1.3.4-1, M.5.3.1.1-3, and M.5.3.7.1-1.
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Table M.5.3.7.1-5. Accident Scenario Descriptions for Immobilized Disposition at the Ceramic
Immobilization Facility

Accident Scenario Accident Description

Evaluation Basis Accidents

Earthquake It is assumed that the earthquake starts a fire in the room housing the plutonium
metal glovebox line. The fire is unimpeded and breaches a glovebox containing
plutonium. The glovebox inert atmosphere is lost and the Pu ignites. The
ventilation system removes the Pu-containing gasses from the area. The gasses
pass through HEPA filters and are then released to the environment.

Glovebox fire It is assumed that an unimpeded fire begins in the room housing the Pu metal
glovebox line and breaches a glovebox containing plutonium. The glovebox
inert atmosphere is lost and the Pu ignites. The ventilation system removes the
Pu-containing gases from the area. The gasses pass through HEPA filters and
are then released to the environment.

Glovebox nuclear criticality It is assumed that controls are violated so that additional fissile material is
introduced into a double batched glovebox. This results in a criticality.
Calciner feed tank nuclear Criticality safety of this tank depends on controlling the concentrations of the
criticality gadolinium and plutonyl nitrate solutions in the tank. It is assumed that controls

are violated so that limits on fissile materials and poison controls are violated.
A pulsed criticality event results.

Ceramic can drop A can is dropped during handling. The ceramic powder spills from the overturned
can. Respirable fines of ceramic are released to the process area and collected
by the ventilation system. The airborne fines pass through HEPA filters and are
released to the environment.

Pellet container breakage Finished ceramic pellets are loaded in drum containers and stored in the product
storage vault. It is postulated that a container breakage could occur in ceramic
pellet storage. A ceramic pellet container develops leakage during storage.
Respirable fines of ceramic are released to the process area and collected by the
ventilation system. The airborne fines pass through HEPA filters and are
released to the environment.

Dissolver spill It is postulated that the dissolver overflows and spills onto the floor. The spill
spreads out in a safe geometry. The spill is cleaned up in 2 hours, but some of
the spill material converts to an aerosol and becomes airborne as respirable
particles. The Pu-containing particulate would be removed from the process
area by the ventilation system. The particulate then passes through a HEPA
filtration system before it is released to the environment.

Calciner feed spill It is postulated that the calciner feed make-up tank overflows and spills onto the
floor. The spill spreads out in a safe geometry. The spill is cleaned up in 2 hours,
but some of the spill material converts to an aerosol and becomes airborne as
respirable particles. The Pu-containing particulate would be removed from the
process area by the ventilation system. The particulate then passes through a
HEPA filtration system before it is released to the environment.

Calciner product spill It is postulated that the calciner product bin overflows and spills powder onto the
floor. The spill spreads out in a safe geometry. The spill is cleaned up in 2 hours,
but some of the spill becomes airborne as respirable particles. The Pu-
containing particulate would be removed from the process area by the
ventilation system. The particulate then passes through a HEPA filtration
system before it is released to the environment.
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Table M.5.3.7.1-5. Accident Scenario Descriptions for Immobilized Disposition at the Ceramic
Immobilization Facility—Continued

Accident Scenario ' Accident Description
Beyond Evaluation Basis
Accidents
Sintering furnace explosion A pressure excursion in the sintering furnace of undefined origin could rupture

the furnace vessel. It was postulated that the force from the explosion would
blow ceramic pellets out of the ends and become airborne as respirable
particles. The Pu-containing particulate would be removed from the process
area by the ventilation system. The particulate then passes through a HEPA
filtration system before it is released to the environment.

Uncontrolied chemical reaction Radiolytic hydrogen will be produced in the solutions in the facility. It was
assumed that hydrogen accumulated within tanks because the tanks were
isolated from the gas treatment system for a considerable period of time. It was
postulated that hydrogen detonated in the calciner feed tank and some of it
became airborne. The resultant airborne material is removed by the area
ventilation system and passed through HEPA filters before release to the

environment.
Nuclear criticality Accriticality event was assumed to occur in the facility and the assumed criticality
accident severity is based on guidance provided in NRC Regulatory Guide
3.35.
Source: LLNL 1996e.
M.5.3.7.2 Accident Impacts

The estimated impacts of the postulated accidents at each site are provided in Tables M.5.3.7.2-1 through
M.5.3.7.2-6. The dose and cancer fatality estimates are based on the analysis of the accident source terms in
Tables M.5.3.7.1-3 and M.5.3.7.1-4, using the MACCS computer code. [Text deleted.]
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