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GLOSSARY OF TERMS

ABNORMAL CONDITION. Any deviation from normal conditions that adversely affects or
potentially adversely affects the safety performance of the facility.

ACCEPTABLE KNOWLEDGE. An EPA term which includes process knowledge and results from
previous testing, sampling, and analysis associated with the waste. Acceptable knowledge
includes information regarding the raw materials used in a process or operation, process
description, products, and associated wastes. Acceptable knowledge documentation includes
the site history and mission, site-specific processes or operations, administrative building
controls, and all previous and current activities that generate a specific waste.

ACCIDENT. An unplanned sequence of events that results in undesirable consequences.

ACCIDENT ANALYSIS. For the purposes of implementing the USQ order, the term accident
analysis refers to those bounding analyses selected for inclusion in the SAR. The accident
analysis is the systematic development of numerical estimates of the expected consequence and
frequency of potential accidents.

ACTINIDE. An element in the actinide series beginning with element 89 and continuing through
element 103. All the transuranic nuclides considered in this document are actinides.

ACTIVE INSTITUTIONAL CONTROL. (1) Controlling access to a disposal site by any means other
than passive institutional controls, (2) performing maintenance operations or remedial actions at
a site, (3) controlling or cleaning up releases from a site, or (4) monitoring parameters related
to disposal system performance (40 CFR § 191.12).

ACTIVITY. A measure of the rate at which a material emits nuclear radiation, usually given in terms
of the number of nuclear disintegrations occurring in a given length of time. The unit of
activity used in this document is the curie (Ci).

ADMINISTRATIVE CONTROLS. Provisions relating to organization and management, procedures,
record keeping, assessment, and reporting necessary to ensure the safe operation of the facility.

AIR DISPERSION FACTOR. The ratio of the average concentration of a hazardous constituent
released into the atmosphere to its maximum concentration at or beyond the unit boundary.

AIR IMMERSION. The pathway of direct external dose from a passing cloud of dispersed radioactive
material.

AIR LOCK. An intermediate chamber between zones of different static pressure.

ALARA. As Low As Reasonably Achievable; radiation protection program for minimizing personnel
exposures.

ALPHA PARTICLE. A positively charged particle emitted in the radioactive decay of certain
radionuclides. Made up of two protons and two neutrons bound together, it is identical to the
nucleus of a helium atom. It is the least penetrating of the three common types of radiation;
alpha, beta, and gamma radiation, but has the highest ionization factor.
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AMERICIUM-241. A transuranic element resulting from the beta decay of plutonium-241.

ATMOSPHERIC DISPERSION. Movement of a contaminant due to the cumulative effect of the
random motions of air.

AUTHORIZATION BASIS. Those aspects of the facility design basis and operational requirements
relied upon by DOE to authorize operation. The authorization basis is described in the SAR
and other safety analyses.

BACKFILL. Material placed around the waste containers, partially filling the open space in the
disposal room.

BARRIER. “[A]ny material or structure that prevents or substantially delays movement of water
and/or radionuclides toward the accessible environment. For example, a barrier may be a
geologic structure, a canister, a waste form with physical and chemical characteristics that
significantly decrease the mobility of radionuclides, or a material placed over and around
waste, provided that the material or structure substantially delays movement of water or
radionuclides” (40 CFR § 191.12). Barriers also prevent or delay the movement of hazardous
constituents.

BETA PARTICLE. A negatively charged particle emitted in the radioactive decay of certain
radionuclides; a free electron.

BECQUEREL. A unit in the International System of Units (SI), of measurement of radioactivity equal
to one transformation per second.

BRINE. Saline water containing calcium (Ca), sodium (Na), potassium (K), chlorides (Cl), and minor
amounts of other elements.

BOUNDING. Producing greater consequences than other scenarios; or would bound the remainder of
scenarios.

CANISTER. As used in this document, a container, usually cylindrical, for remotely handled TRU
waste. The waste will remain in this canister during and after burial. A canister affords
physical containment but not shielding; shielding is provided during shipment by a cask.

CARCINOGEN. An agent capable of producing or inducing cancer.

CARCINOGENICITY. The ability of a substance to cause the development of cancerous growths in
living tissue. Such substances are usually grouped in two classifications: (1) those that are
known to induce cancer in man or animals either by operational exposure in industry or by
ingestion in feedstuffs and (2) those that have been found to cause cancer in animals under
experimental conditions.

CASK. A massive shipping container providing shielding for highly radioactive materials and holding
one or more canisters.
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CENTRAL MONITORING ROOM (CMR). A room at the WIPP facility equipped to monitor alarm
functions and provide reliable communications.

CENTRAL MONITORING SYSTEM (CMS). A computer system that monitors the WIPP facility
instrumentation; operated from the Central Monitoring Room.

COMMITTED EFFECTIVE DOSE EQUIVALENT (CEDE). The sum of the committed dose
equivalents to various organs or tissues in the body from radioactive material taken into the
body, each multiplied by the tissue-specific weighting factor. Expressed in terms of rem (or
sievert).

CONCENTRATION. The amount of a substance contained in a unit quantity (mass or volume) of a
sample.

CONSERVATIVE. As aterm used with predictions or estimates, “conservative” means one in which
the uncertain inputs are used in a way that overestimates an adverse impact.

CONSEQUENCE. The direct, undesirable result of an accident sequence.

CONSULTATION AND COOPERATION AGREEMENT. An agreement that affirms the intent of
the Secretary of Energy to consult and cooperate with the State of New Mexico with respect to
State public health and safety concerns. The term “Agreement” means the July 1, 1981,
Agreement for Consultation and Cooperation, as amended by the November 30, 1984, “First
Modification,” the August 4, 1987, “Second Modification,” and the March 22, 1988,
modification to the Working Agreement.

CONTACT-HANDLED WASTE. Transuranic waste with a surface dose rate not greater than
200 millirem per hour.

CONTAINER INVENTORY. The amount of radioactive or hazardous material within a container or
source.

CREEP. A very slow, usually continuous, time-dependent movement of soil or rock; refers to the
geologic phenomenon experienced as the gradual flow of salt under compressive loading.

CREEP CLOSURE. Closure of underground openings, especially openings in salt, by plastic flow of
the surrounding rock under lithostatic pressure.

CRITICALITY. A state in which a self-sustaining nuclear chain reaction is achieved.

DECOMMISSIONING. Actions taken upon abandonment of the repository to reduce potential
environmental, health, and safety impacts, including repository sealing as well as activities to
stabilize, reduce, or remove radioactive materials or demolish surface structures.

DECOMMISSIONING PHASE. The term “decommissioning phase” means the period of time

beginning with the end of the disposal phase and ending when all shafts at the Waste Isolation
Pilot Plant repository have been backfilled and sealed.
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DEFENSE IN DEPTH. Defense in depth is a safety design concept or strategy that shall be applied at
the beginning and maintained throughout the facility design process. This safety design
strategy is based on the premise that no one layer of protection is completely relied upon to
ensure safe operation.

DEFENSE WASTE. Nuclear waste deriving from the manufacture of nuclear weapons and the
operation of naval reactors. Associated activities, such as the research carried on in the
weapons laboratories, also produce defense waste.

DESIGN BASIS. The set of requirements that bound the design of the structure, systems, or
components of the facility.

DESIGN BASIS EARTHQUAKE (DBE). An earthquake that is the most severe design basis accident
of this type and that produces the vibratory ground motion for which safety class items are
designed to remain functional. The DBE is the most severe credible earthquake that could
occur at the WIPP site as described in Chapter 2. DBE SSCs shall be designed to withstand a
free-field horizontal and vertical ground acceleration of 0.1g, based on a 1,000-year recurrence
period, and retain their safety functions.

DESIGN BASIS TORNADO (DBT). A tornado that is the most severe design basis accident of that
type applicable to the area under consideration. The DBT is the most severe credible tornado
that could occur at the WIPP site as described in Chapter 2. DBT SSCs shall be designed to
withstand the highest winds generated by this tornado (183 mi/h [293 km/h]), based on a
1,000,000-year recurrence period, and retain their safety function.

DESIGN LIFE. The design life of components or systems generally refers to the estimated period of
time that the component or system is expected to perform within specifications before the
effects of aging result in performance deterioration or a requirement to replace the component
or system.

DISPOSAL. See Land Disposal.

DISPOSAL FACILITY. A facility or part of a facility into which hazardous waste is intentionally
placed and in which hazardous waste will remain after closure.

DISPOSAL PHASE. The term “disposal phase” means the period of time during which transuranic
waste is disposed of at the Waste Isolation Pilot Plant, beginning with the initial emplacement
of transuranic waste underground for disposal and ending when the last container of transuranic
waste is emplaced underground for disposal.

DISPOSAL ROOM. An excavated cavity in the Waste Isolation Pilot Plant underground in which
transuranic waste will be emplaced during disposal operations.

DISPOSAL SYSTEM. For purposes of defining the PA conceptual model, the disposal system is
defined as the combination of engineered and natural barriers and other assurances that isolate
waste after disposal, or the more general features, events, and processes that are capable of
affecting performance of the disposal unit.
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DOSE. A general term used for brevity in place of dose equivalent, effective dose equivalent,
committed effective dose equivalent, etc.

DOSAGE. The concentration-time profile for exposure to toxicological hazards.

DOSE CONVERSION FACTOR. A numerical factor used in converting radionuclide uptake (curies)
in the body to the resultant radiation dose (rem).

DOSE EQUIVALENT. The product of absorbed dose in rad in tissue, a quality factor, and all other
modifying factors at the location of interest. Expressed in rem.

DOSE RATE. The radiation dose delivered per unit time (rem per hour).
DRIFT. A horizontal passageway in a mine.

EFFECTIVE DOSE EQUIVALENT (EDE). The sum of the products of the dose equivalent received
by specified tissues of the body and tissue-specific weighting factor. Expressed in rem.

EFFLUENT. Wastewater or airborne emissions discharged into the environment.

EMPLACEMENT. At the Waste Isolation Pilot Plant, the placing of radioactive wastes in the
repository.

ENGINEERED BARRIERS. Backfill, seals, and any other man-made barrier components of the
disposal system.

EVENT. A phenomenon that occurs instantaneously or within a short time interval relative to the time
frame of interest.

EVENT TREE. A logic model that graphically portrays the combinations of events and circumstances
in an accident scenario.

EXCLUSIVE USE AREA. This 277-acre area is surrounded by a five-strand barbed wire fence and
is restricted for the use of DOE, its contractors and subcontractors in support of the WIPP
project. This area is posted against trespass and is excluded from use by the general public.
However, public access to the LWA (16 section) area up to the Exclusive Use Area is allowed
for grazing purposes (see Figure 5.2-1 and the WIPP Land Management Plan).

FACILITY. Any equipment, structure, system, or component, or activity that fulfills a specific
purpose. For the purpose of implementing DOE Standard 3009-94, the definition most often
refers to buildings, and other structures, their functional systems and equipment, and other
fixed systems and equipment installed therein to delineate a facility (DOE Standard 3009-94).

FAULT TREE. A tree-like cause-and-effect diagram of hypothetical events. Analysis of fault trees is
used to investigate failures in a system or concept.

FILTER BANK. An arrangement of air filters in series and/or parallel.
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FISSILE. Describes a nuclide that undergoes fission on absorption of neutrons of any energy, in
particular, slow neutrons provided the effective thermal neutron production cross section
exceeds the effective thermal neutron absorption cross section.

FREQUENCY. The number of occurrences per unit time at which observed events occur or are
predicted to occur.

GAMMA RADIATION. Short-wavelength electromagnetic radiation emitted in the radioactive decay
of certain radionuclides; high-energy photons.

GAS GENERATION MODEL. A computational model that can simulate and/or predict the rate and
quantity of gases generated by waste transformation processes in a disposal room of the
decommissioned repository.

GAS GENERATION RATE. The combined gas production rate from all species of gases produced as
a result of transuranic waste transformations such as corrosion, microbial degradation, and/or
radiolysis at any given time. The rate of gas production throughout the history of the
repository is expected to vary depending on repository conditions with respect to humidity,
total or partial brine inundation, competitive reactions that absorb specific gases, and the ability
of the repository to retain the gases generated. The term is also applied to individual gases.

GENERATOR AND/OR STORAGE SITES. Refers to the Department of Energy sites nationwide
where transuranic wastes are generated and/or stored as a result of activities associated with
nuclear weapons production.

GROUNDWATER. Water below the land surface in a zone of saturation.

GROUNDSHINE. The pathway of direct external dose received from radioactive material that has
deposited on the ground after being dispersed from the accident site.

GROUT. A mortar or cement slurry (of high water content) used to plug potential fluid-flow paths in
geologic or engineered structures.

HAZOP. Hazard and Operability Study. A systematic method in which process hazards and potential
operating problems are identified using a series of guide words to investigate process
deviations.

HAZARD. A source of danger (i.e., material, process, energy source) with the potential to cause
illness, injury, or death, loss of use, or loss of property.

HAZARD ANALYSIS. The determination of material, system, process, and plant characteristics that
can produce undesirable consequences, followed by the assessment of hazardous situations
associated with a process or activity. Largely qualitative techniques are used to pinpoint
weaknesses in design or operation of the facility that could lead to accidents. The SAR
Hazards Analysis examines the complete spectrum of potential accidents that could expose
members of the public, onsite workers, facility workers, and the environment to hazardous
materials.
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HAZARDOUS CONSTITUENT. Those chemicals identified in Appendix VIII of 40 CFR Part 261.

HAZARDOUS MATERIAL. Any solid, liquid, or gaseous material that is toxic, explosive,
flammable, corrosive, or otherwise physically or biologically threatening to health. Candidate
hazards include radioactive materials and hazardous chemicals.

HAZARDOUS WASTE. A hazardous waste as defined in 40 CFR § 261.3.

HEADSPACE GASES. The free gas volume at the top of a closed container (between the container lid
and the waste inside the container) or containment, such as a drum or bin, containing TRU-
mixed or simulated waste. The gas may be generated from biological, chemical, or radiolytic
processes; this would include contributions from volatile organic compounds (VOCs) present in
the waste.

HEPA FILTER. A high-efficiency particulate air filter usually capable of 99.7 percent efficiency as
measured by a standard photometric test using 0.3-micron droplets (aerodynamic equivalent
diameter) of dioctylphthalate (DOP).

HORIZON. In geology, an interface indicative of a particular position in a stratigraphic sequence.
For instance, the waste-emplacement horizon in the Salado Formation at the Waste Isolation
Pilot Plant is the level about 650 meters (2,150 feet) deep where openings are mined for waste
disposal.

HUMAN ERROR. Any action (or lack thereof) that exceeds some limit of acceptability where the
limits of human performance are defined by the system. Includes actions by designers,
operators, or managers that may contribute to or result in accidents.

HUMAN FACTORS. A discipline concerned with designing machines, operations, and work
environments to match human capabilities, limitations, and needs.

IDLH. Immediately Dangerous to Life and Health represents a maximum airborne concentration from
which one could escape within 30 minutes without any escape-impairing symptoms or any
irreversible health effects.

IMMEDIATE WORKER. A worker directly involved in the operation of the facility or process
(handling waste containers) when an accidental release occurs.

IN SITU. In the natural or original position. The phrase is used in this document to distinguish in-
place experiments, rock properties, and so on, from those measured in the laboratory.

INTERNAL ACCIDENT. Accidents initiated by process systems or human actions under the control
of a given facility.

INITIATING EVENT. The first event in an event sequence that can result in an accident unless
engineered protection systems or human actions intervene to prevent or mitigate the accident.

INJECTION WELL. A well into which fluids are injected.
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INSTITUTIONAL CONTROLS. Human actions to control a waste management facility such as the
WIPP. Institutional controls are described as “active” and “passive.” Active institutional
controls are defined in 40 CFR § 191.12 as: (1) controlling access to a disposal site by any
means other than passive institutional controls, (2) performing maintenance operations or
remedial actions at a site, (3) controlling or cleaning up releases from a site, or (4) monitoring
parameters related to disposal system performance. Passive institutional controls are defined in
40 CFR §191.12 as: (1) permanent markers placed at a disposal site, (2) public records and
archives, (3) government ownership and regulations regarding land or resource use, and
(4) other methods of preserving knowledge about the location, design, and contents of a
disposal system.

INTENSITY, EARTHQUAKE. A measure of the effects of an earthquake on humans and structures
at a particular place. Not to be confused with magnitude.

INTERNATIONAL SYSTEM OF UNITS. The version of the metric system which has been
established by the International Bureau of Weights and Measures and is administered in the
United States by the National Institute of Standards and Technology. The abbreviation for this
system is “SI”.

ISOTOPE. An atom of a chemical element with a specific atomic number and atomic weight. Isotopes
have the same number of protons, but different number of neutrons.

LAND DISPOSAL. Emplacement in or on the land, except in a corrective action management unit,
and includes, but is not limited to, placement in a landfill, surface impoundment, waste pile,
injection well, land treatment facility, salt dome formation, salt bed formation, underground
mine or cave, or placement in a concrete vault, or bunker intended for disposal purposes.

LAND WITHDRAWAL ACT. Public Law 102-579, as amended by Public Law 104-201 (H.R. 3230,
104th Congress--1996), which withdraws the land at the Waste Isolation Pilot Plant site from
“entry, appropriation, and disposal”; transfers jurisdiction of the land from the Secretary of the
Interior to the Secretary of Energy; reserves the land for activities associated with the
development and operation of the Waste Isolation Pilot Plant; and includes many other
requirements and provisions pertaining to the protection of public health and the environment.

LIKELIHOOD. A measure of the expected probability or frequency of an events occurrence.

LIMITING CONDITION FOR OPERATION. The lowest functional capability or performance levels
of safety-related structures, systems, or components.

LONG TERM. Refers to the 10,000 years after shaft sealing for which performance assessment
calculations and models assess the behavior of the repository with respect to compliance with
40 CFR Part 191 and 40 CFR § 268.6.

LOWER EXPLOSIVE LIMIT. The lower limit of flammability of a gas or vapor at ordinary ambient

temperatures expressed in percent of the gas or vapor in air by volume. This limit is assumed
constant for temperatures up to 120 °C (250 °F).
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MAGNESIUM OXIDE (Mg0O). A white powder that (depending on the method of preparation) may
be light and fluffy, or dense; melting point 2800 °C; insoluble in acids, slightly soluble in
water.

MAGNITUDE, EARTHQUAKE. A measure of the total energy released by an earthquake. Not to be
confused with intensity.

MARKER BEDS (MB). MBs are well-defined layers of rock that mark distinct divisions in major
geological strata or geological time frames.

MAXIMALLY EXPOSED INDIVIDUAL (MEI). A hypothetical member of the public who is
exposed to a release of radionuclides in such a way that the individual will receive the
maximum dose from such a release. Review of the WIPP Land Management Plan (LMP)
indicates that public access to the WIPP 16-section area up to the exclusive use area shown is
allowed for grazing purposes, and up to the DOE off limits area" for recreational purposes.
Although analyses are traditionally conducted for a maximally exposed off-site individual
(MOI) at the facility site boundary, in accordance with DOE Order 6430.1A, Section 1300-
3.2, the location of the MEI is located at the "closest point of public access," or the WIPP
“exclusive use area.” The location of the MEI is also consistent with guidance for the
implementation of 40 CFR 191, Subpart A.

Exposure to the MEI is greatest at the Exclusive Use Area (closest distance a member of the
public may get to the release point due to LMP access restrictions) due to the dispersion model
chosen for accident analysis. As discussed in detail in SAR Section 5.2, the release is a non-
plume release (vent release as defined in NRG 1.145), not subject to plume lofting or
fumigation conditions. The dose to an individual is therefore greatest at the closest allowable
access distance to the point of release.

MEAN. The average value. For a given set of n values, the mean is the sum of their values divided
by n.

MEDIAN. The median of a set of data is the value such that half of the observations are less than that
value and half are greater than that value.

MERCALLI INTENSITY. A scale of measurement of earthquake intensity.

MITIGATE. To take practicable means to avoid or minimize release of hazardous or radioactive
material or consequences to a hypothetical individual or population,

MITIGATION. Equipment and/or procedures designed to interfere with accident propagation and/or
reduce accident consequences

MIXED WASTE. Mixed waste contains both radioactive and hazardous components, as defined by
the Atomic Energy Act and the Resource Conservation and Recovery Act, respectively.

NASH DRAW. A shallow valley, approximately 5 mi (8.1 km) wide, open to the southwest located to
the west of the WIPP site.
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NONINVOLVED WORKER. An onsite worker not involved in the operation of the facility when a
release occurs. For accident analysis consequence assessment, the maximally exposed
noninvolved worker is assumed to be located at a distance of 100 meters from each release
point due to restrictions on dispersion modeling used in this safety analysis at close-in distances
(<100 meters).

NORMAL CONDITIONS. All activities associated with the facility mission carried out within defined
process conditions, performance in accordance with procedures, etc.

NORMAL OPERATION. All normal conditions that frequency estimation techniques indicate occur
with a frequency greater than 0.1 events per year.

OFF-SITE. A position located at or beyond the WIPP Site Boundary.

OFF LIMITS AREA. An area consisting of approximately 1454 acres which is posted in accordance
with 10 CFR Part 860 and has been designated as such in the Federal Register. This area is
managed by an off-limits policy which allows DOE to authorize the use of the area as they
determine the need. Public access to the WIPP LWA (16 section) area up to the Off Limits
Area is allowed for recreational purposes (see Figure 5.2-1 and the WIPP Land Management
Plan).

ON-SITE. A position located within the WIPP Site Boundary.

OVERPACK. A container put around another container. In the WIPP, overpacks would be used on
damaged or otherwise contaminated drums, boxes, and canisters that it would not be practical
to decontaminate.

PACKAGE. In the regulations governing the transportation of radioactive materials, the packaging
together with its radioactive contents as presented for transport.

PACKAGING. A shipping container without its contents.

PANEL. A group of several underground rooms connected by drifts. Within the Waste Isolation Pilot
Plant, a panel consists of seven rooms connected by drifts at each end.

PARTICULATES. Solid particles small enough to become airborne.

PASSIVE INSTITUTIONAL CONTROLS. “(1) [Plermanent markers placed at a disposal site,
(2) public records and archives, (3) government ownership and regulations regarding land or
resource use, and (4) other methods of preserving knowledge about the location, design, and
contents of a disposal system” (40 CFR § 191.12).

PERFORMANCE ASSESSMENT. A term used to denote quantitative activities carried out to evaluate
the long-term ability of the Waste Isolation Pilot Plant to effectively isolate the waste, to ensure
long-term health and safety of the public by complying with 40 CFR § 268.6, and to supply
data/information to the compliance analysis for demonstrating regulatory compliance. The
final analysis of compliance will consist of a qualitative assessment of the quantitative results of
the performance assessment.
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PLUTONIUM. A metallic, radioactive element, symbol Pu, atomic number 94, in the actinide series
of elements; used as a nuclear fuel, to produce radioactive nuclides for research, and as the
fissile agent in nuclear weapons.

POLYHALITE. An evaporite mineral: K,MgCa, (80O,), 2H,O. Itis a hard, nearly insoluble
mineral with no economic value.

POST-CLOSURE PERIOD. A designated period of time beginning with the end of the
Decommissioning Phase and extending through the end of the regulatory time frame of 10,000
years.

POTASH. A potassium compound, especially as used in agriculture or industry.

PREVENTIVE FEATURE. Any structure, systems, or component that serves to prevent the release
of hazardous material in an accident scenario.

PROPERTY PROTECTION AREA. The interior core of the facility, comprised of about 34 acres and
is bordered by a chain link security fence (see Figure 5.2-1).

PUBLIC. Defined in DOE-STD-3009-94 as individuals outside of the DOE Site Boundary. However,
review of the WIPP Land Management Plan indicates that public access to the WIPP 16-section
area up to the exclusive use area is allowed for grazing purposes, and up to the DOE off limits
area" for recreational purposes. Although accident analyses consequences are traditionally
conducted for a maximally exposed off-site individual (MOI) at the facility site boundary, in
accordance with DOE Order 6430.1A, Section 1300-3.2, the location of the public (MEI) for
accident consequence assessment in this safety analysis is at the "closest point of public
access," or the WIPP exclusive use area. ” The location of the MEI is also consistent with
guidance for the implementation of 40 CFR 191, Subpart A.

PUBLIC LAW 96-164. The U.S. Department of Energy National Security and Military Applications
of Nuclear Energy Act of 1980. Public Law 96-164 directed the Department of Energy to
proceed with the design and development of the Waste Isolation Pilot Plant.

PUBLIC LAW 102-579. See Land Withdrawal Act.

QUALITY ASSURANCE. The planned and systematic actions necessary to provide adequate
confidence that a structure, system, or component will perform satisfactorily in service.

QUALITY ASSURANCE PROGRAM PLANS (QAPP). Documents that describe the overall program
plans and activities to meet the project s quality assurance goals.

QUALITY ASSURANCE PROJECT PLANS (QAPjP). Documents that ensure site-specific waste
characterization activities meet the data quality objectives.

QUALITY CONTROL. Those quality assurance activities that provide a means to control and
measure the characteristics of a structure, system, or component to established requirements.

RADIOLYSIS. Chemical decomposition by the action of radiation.
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REAL-TIME RADIOGRAPHY. A nondestructive, nonintrusive examination technique that enables a
qualitative (and in some cases semiquantitative) evaluation of the contents of a waste container.
Real-Time Radiography utilizes x-rays to inspect the contents of the waste container and allows
the operator to view events in progress (real time). Real-Time Radiography is used to examine
and verify the physical form of the waste for certain waste forms, identify individual waste
components, and verify the absence of certain noncompliant items, as applicable.

REASONABLE. (1) Not conflicting with reason, (2) not extreme or excessive, (3) having the faculty
of reason, or (4) possessing sound judgment.

RELEASE POINT. There are two release points for the TRU and mixed wastes accidents described in
the SAR, the Exhaust Filter Building exhaust to the atmosphere and the WHB HEPA filtration
exhaust to the atmosphere.

REM. A common unit of dose equivalent, effective dose equivalent, etc.

REMOTE-HANDLED WASTE. Transuranic waste with a surface dose rate of 200 millirem per hour
or greater. RH-TRU waste received at the WIPP may not exceed a surface dose rate of 1,000
rem per hour (Public Law 102-579, Section 7(a)(1)(A)).

REPOSITORY. The portion of the Waste Isolation Pilot Plant underground system within the Salado
Formation, including the access drifts, waste panels, and experimental areas, but excluding the
shafts.

REPOSITORY/SHAFT SYSTEM. The Waste Isolation Pilot Plant underground workings, including
the shafts, all engineered and natural barriers, and the altered zones within the Salado
Formation and overlying units resulting from construction of the underground workings.

RESERVES. Mineral resources that can be extracted profitably by existing techniques and under
present economic conditions.

RISK. In accident analysis, the probability of weighted consequences of an accident defined as the
accident frequency per year multiplied by the consequences.

RESOURCE CONSERVATION AND RECOVERY ACT PERMIT APPLICATION. An application,
which is submitted by the owner/operator of a hazardous waste management unit to the state (if
authorized by the Environmental Protection Agency) or to the Environmental Protection
Agency, for a Resource Conservation and Recovery Act permit to operate the unit.

RESOURCES. Mineralization that is concentrated enough, in large enough quantity, and in physical
and chemical forms such that extraction is currently or potentially feasible and profitable.

RETRIEVABLE. Describes storage of radioactive waste in a manner designed for recovery without
loss of control or release of radioactivity.

ROOM. An excavated cavity within a panel in the underground. Within the Waste Isolation Pilot
Plant, a room is about 33 ft (10 m) wide, 13 ft (4 m) high, and 300 ft (91 m) long.
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SAFETY ANALYSIS. A documented process: (1) to provide systematic identification of hazards
within a given DOE operation: (2) to describe and analyze the adequacy of the measures taken
to eliminate, control, or mitigate identified hazards; and (3) to analyze and evaluate potential
accidents and their associated risks.

SAFETY ANALYSIS REPORT. A report that documents the adequacy of safety analysis to ensure
that a facility can be constructed, operated, maintained, and shutdown, and decommissioned
safely and in compliance with applicable laws and regulations.

SAFETY ASSURANCE. The process of providing adequate confidence that an acceptable safety basis
for the facility exists.

SAFETY BASIS. The combination of information relating to the control of hazards at a facility
(including design, engineering analyses, and administrative controls) upon which the DOE
depends for its conclusion that activities at the facility may be conducted safely.

SCENARIO. A combination of naturally occurring or human-induced events and processes that
represent realistic future changes to the repository, geologic, and geohydrologic systems that
could cause or promote the escape of radionuclides and/or hazardous constituents from the
repository.

SEAL. An engineered barrier designed to isolate the waste and to impede fluid flow in the shafts.

SEISMIC RISK ZONE. A designation of a geographic region expressing the maximum intensity of
earthquakes that could be expected there.

SHAFT PILLAR. The cylindrical volume of rock around a shaft from which major underground
openings are excluded in order that they not weaken the shaft.

SIEVERT. The SI unit of any quantities expressed as dose equivalent. (1 Sv = 100 rem)
SITE BOUNDARY. The boundary encompassing the WIPP 10,240 acres (LWA 16 sections).

SLUDGE. Refers to de-watered contact-handled transuranic wastes containing both organic and
inorganic constituents that must meet the Waste Acceptance Criteria for shipment and disposal
at the Waste Isolation Pilot Plant repository. High sludges are contact-handled transuranic
waste where the sludge component constitutes 50 percent or more of the waste volume; low
sludges are the same type of waste containing less than 50 percent by volume of sludge.

SOURCE TERM. Source term is the quantity of radioactive or hazardous constituents available for
transport or the maximum concentration of hazardous constituents in a particular phase,

depending on the type of information available.

STANDARD WASTE BOX (SWB). A waste container measuring approximately 6 by 4.5 by 3 ft (1.8
by 1.4 by 0.9 m) high, with rounded ends.
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TECHNICAL SAFETY REQUIREMENTS. Those requirements that define the conditions, safe
boundaries, and the management or administrative controls necessary to ensure the safe
operation of the facility and to reduce the potential risk to the public and facility workers from
uncontrolled releases of radioactive or hazardous materials.

TOTAL EFFECTIVE DOSE EQUIVALENT (TEDE). The sum of the effective dose equivalent
(EDE) from sources external to the body during the year, plus the committed effective dose
equivalent (CEDE).

TOXICITY. The ability of a substance to cause damage to living tissue, impairment of the central
nervous system, severe illness or, in extreme cases, death when ingested, inhaled, or absorbed
by the skin.

TOXICOLOGICAL HAZARD. Any substance having chemical properties that pose a potential threat
to the public, workers, or the environment.

TRANSURANIC NUCLIDE. A nuclide with an atomic number greater than that of uranium (92). All
transuranic nuclides are produced artificially and are radioactive.

TRANSURANIC PACKAGE TRANSPORTER (TRUPACT)-II. Package designed to transport
contact-handled TRU-mixed waste to the WIPP site. It is a cylinder with a flat bottom and a
domed top that is transported in the upright position.

TRANSURANIC WASTE. The term “transuranic waste” means waste containing more than
100 nanocuries of alpha-emitting transuranic isotopes per gram of waste, with half-lives greater
than 20 years, except for: (1) high-level radioactive waste, (2) waste that the Secretary has
determined, with the concurrence of the Administrator, does not need the degree of isolation
required by the disposal regulations, or (3) waste that the Nuclear Regulatory Commission has
approved for disposal on a case-by-case basis in accordance with 10 CFR 61.

TREATMENT. Means any method, technique, or process, including neutralization, designed to
change the physical, chemical, or biological character or composition of any hazardous waste
so as to neutralize such waste, or so as to recover energy or material resources from the waste,
or as to render such waste non-hazardous, or less hazardous; safe to transport, store, or
dispose of; or amenable for recovery, amenable for storage, or reduced in volume.

TYPE A PACKAGING. Means a packaging designed to retain the integrity of containment and
shielding required by this part under normal conditions of transport as demonstrated by the
tests set forth in 49 CFR § 173.465 or 173.466, as appropriate. Note: Radioactive waste is
transported to WIPP in Type B packaging.

UNINTERRUPTIBLE POWER SUPPLY (UPS). A power supply that provides automatic,
instantaneous power, without delay or transients, on failure of normal power. It can consist of
batteries or full-time operating generators. It can be designated as standby or emergency
power depending on the application. Emergency installations must meet the requirements
specified for emergency.
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VOLATILE ORGANIC COMPOUNDS (VOCs). RCRA-regulated organic compounds which readily
pass into the vapor state and are present in transuranic mixed waste.

WASTE ACCEPTANCE CRITERIA. A set of conditions established for permitting transuranic
wastes to be packaged, shipped, managed, and disposed of at the Waste Isolation Pilot Plant.

WASTE CHARACTERIZATION. Sampling, monitoring, and analysis activities to determine the
nature of the waste.

WASTE CHARACTERIZATION PROGRAM. The processes of transuranic waste analysis to support
the Part B of the Resource Conservation and Recovery Act permit application, other permits,
transportation requirements, and other program requirements. These analyses include
documentation of waste generation processes, visual examination of waste components,
radiography analysis, and waste assay for radionuclide content. Waste matrix and headspace
gas chemical analyses are also part of the characterization program.

WASTE FORM. A term used to emphasize the physical and chemical properties of the waste.

WASTE MATRIX. The material that surrounds and contains the hazardous constituents and to some
extent protects them from being released into the surrounding rock and groundwater. Only
material within the canister (or drum or box) that contains the waste is considered part of the
waste matrix.

WASTE STORAGE/DISPOSAL. For the purposes of this Safety Analysis Report, with regard to
transuranic waste: the term “storage” refers to the temporary storage of that waste above
ground; and, the term “disposal” refers to that waste which has been emplaced in the
underground horizon.

WORKING AGREEMENT. Appendix B of the Agreement of Consultation and Cooperation, which
sets forth the working details of that Agreement.

WORST CASE. A conservative (high) estimate of the consequences of the most severe accident
identified.
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1.1 Facility Background and Mission

The United States Department of Energy (DOE) was authorized by Public Law 96-164" to provide a
research and development facility for demonstrating the safe permanent disposal of transuranic (TRU)
wastes from national defense activities and programs of the United States exempted from regulations by
the U.S. Nuclear Regulatory Commission (NRC). The Waste Isolation Pilot Plant (WIPP), located in
southeastern New Mexico near Carlsbad, was constructed to determine the efficacy of an underground
repository for disposal of TRU wastes.

In accordance with the 1981 and 1990 Records of Decision (ROD),>* the development of the WIPP
was to proceed with a phased approach. Development of the WIPP began with a siting phase, during
which several sites were evaluated and the present site selected based on extensive geotechnical
research, supplemented by testing.

The site and preliminary design validation phase (SPDV) followed the siting phase, during which two
shafts were constructed, an underground testing area was excavated, and various geologic, hydrologic,
and other geotechnical features were investigated. The construction phase followed the SPDV phase
during which surface structures for receiving waste were built and underground excavations were
completed for waste emplacement.

At the conclusion of the construction phase, the DOE proposed a test phase, to be followed by the
disposal phase for waste emplacement operations. The test phase was to involve the use of limited
quantities of contact-handled (CH) TRU waste to conduct tests in the WIPP underground to provide
data for reducing the uncertainties in the performance assessment required for compliance with the
long-term waste isolation regulations of the U.S. Environmental Protection Agency (EPA), Subpart B
of 40 CFR Part 191.* To enable the receipt of CH-TRU waste at the WIPP site for the tests the
Congress enacted the WIPP Land Withdrawal Act’ of 1992 (Public Law 102-579). The law also
provided for authorizations of detailed regulatory requirements for the WIPP.

As a result of major programmatic redirection in October 1993, the WIPP test phase was modified by
substituting the previously planned WIPP underground radioactive tests with laboratory tests. In
conjunction, WIPP operations would proceed directly with the disposal phase CH TRU waste
emplacement operations starting in mid-1998, assuming successful demonstration of compliance with
applicable federal and state laws and regulations, and successful completion of the WIPP CH
Operational Readiness Review (ORR). The CH ORR closely examined the safety bases of the facility
and the status of attendant conformance to ensure that the facility was operationally ready and that CH
waste emplacement operations would be conducted safely.

Disposal operations began in March 1999. The disposal phase currently scheduled to last 35 years,*’
will consist of receiving, handling, and emplacing TRU waste in the repository for disposal, and will
end when the design capacity of the repository has been reached.

The decommissioning phase, during which the repository will be prepared for permanent closure, will
follow the disposal phase. Surface facilities will be decontaminated and decommissioned, underground
excavations will be prepared for closure, and shaft seals will be emplaced. This phase is currently
projected to last for 10 years. The post-decommissioning phase will consist of active and passive
institutional controls. Active institutional controls will include activities such as control of access to the
site, implemented consistent with applicable regulations and permit conditions and will continue for at
least 100 years®.
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These controls will be designed to ensure that the potential for future, inadvertent human intrusion is
reduced to a level that renders such intrusion unlikely.

This Safety Analysis Report (SAR) documents the safety analyses that develop and evaluate the
adequacy of the WIPP CH TRU safety bases necessary to ensure the safety of workers, the public, and
the environment from the hazards posed by WIPP waste handling and emplacement operations during
the disposal phase and hazards associated with the decommissioning and decontamination phase.

The analyses of the hazards associated with the long-term (10,000 year) disposal of TRU and TRU
mixed waste, and demonstration of compliance with the requirements of 40 CFR 191, Subpart B* have
been addressed in detail in the WIPP Compliance Certification Application (CCA).® The
Environmental Protection Agency (EPA) reviewed the CCA and subsequently certified that the WIPP
was in compliance with the requirements in 40 CFR 191, Subpart B and C on May 13, 1998.° SAR
Section 5.5, Long-Term Waste Isolation Assessment summarizes the assessment.
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1.2 Facility Overview
1.2.1 Facility Design

The WIPP is located in Eddy County in southeastern New Mexico, 26 miles (41.6 km) east of
Carlsbad as shown in Figure 1.2-1. The amount of land that has been set aside for the WIPP includes
an area of 10,240 acres (41 km*). The WIPP is located in an area of low population density with less
than 30 permanent residents living within a ten-mile radius. The area surrounding the facility is used
primarily for grazing, and development of potash, oil, salt, and gas resources. Development of these
resources results in a transient population (non-permanent) consisting principally of workers at three
potash mines that are located within ten miles of the WIPP. The largest population center nearest the
WIPP is the city of Carlsbad, 26 miles (41.6 km) to the west, with approximately 25,000 inhabitants.
Two smaller communities, Loving (population approximately 1300) and Malaga (population
approximately 200), are located about 20 miles (32 km) southwest of the facility. As the result of the
WIPP Land Withdrawal Act of 1992, no mineral resource development is allowed within the WIPP
Site Boundary (with the exception of existing leases).

The WIPP is designed to receive and handle a maximum of 500,000 ft*/yr (14,160 m?/yr) CH TRU
waste and 10,000 ft/yr (283 m’/yr) remote handled (RH) TRU waste. The CH TRU waste will be
contained in 55-gallon (208 L) drums, standard waste boxes (SWBs), ten drum overpacks, 85-gallon
(322 L) drum overpacks, 55-gallon (208 L) drums overpacked in SWBs, and pipe containers in 55-
gallon (208 L) drums. The WIPP facility is designed to have a disposal capacity for TRU waste of 6.2
x 10° ft (1.76 x 10° m’). Current design is that RH waste will be packaged in steel canisters and
transported to the WIPP facility in shielded road casks. The WIPP facility has sufficient capacity to
handle the 250,000 ft* (7,080 m® ) of RH TRU that was established in the ROD! as a total volume. In
addition, the WIPP Land Withdrawal Act of 1992 limits the total RH TRU activity to 5.1 x 10° curies.

CH TRU wastes will be disposed of in the 100-acre (0.4 km?*) disposal area on a horizon located 2,150
feet (655 meters) beneath the surface in a deep, bedded salt formation. Waste will be transferred from
the surface to the disposal horizon through a waste shaft using a hoisting arrangement. The disposal
phase is currently scheduled to last for 35 years.**

The Department of Energy - Carlsbad Area Office (DOE-CAO) has determined that waste
emplacement will only follow a decision, by DOE and by appropriate regulatory agencies, that
permanent disposal in the WIPP facility protects human health and the environment. When initiated,
the placement of waste in the WIPP will be for the purpose of permanent disposal with no intent to
retrieve. However, if in the future it is determined that recovery of disposed waste is required, prior
to commencement of recovery operations: (1) principal design and safety criteria for structures,
systems, and components (SSCs) that protect the public, workers, and the environment from hazards
posed by recovery shall be developed, and (2) those hazards associated with the recovery design and
process will be analyzed to address recovery.

The WIPP is divided into three basic groups: surface structures, shafts, and subsurface structures as
shown in Figure 1.2-2. The WIPP surface structures (see Figure 1.2-3) accommodate the personnel,
equipment, and support services required for the receipt, preparation, and transfer of waste from the
surface to the underground. The surface structures are located in an area within a perimeter security
fence. The primary surface operations at the WIPP are conducted in the Waste Handling Building
(WHB), which is divided into the CH TRU waste handling area, the RH TRU waste handling area, and
support areas. The CH TRU waste handling area includes the entrance air locks, CH Bay, a shielded
holding area, and CH TRU support facilities.
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The current design of the RH TRU waste handling area includes an RH Bay, cask receiving and
preparation areas, hot cell complex, and a shielded cell for shielded road cask unloading, waste
canister inspection, overpacking canisters, as required, and facility cask loading prior to transfer
underground.

The vertical shafts extending from the surface to the underground horizon (see Figure 1.2-2) are the
waste shaft, the salt handling shaft, the exhaust shaft, and the air intake shaft. These shafts are lined
from the shaft collar to the top of the salt formation (about 850 ft [259 meters] below the surface), and
are unlined through the salt formation. The shaft lining is designed to withstand the full piezometric
water pressure associated with any water-bearing formation encountered. The waste shaft is located
between the CH TRU and RH TRU areas in the WHB. It is nominally 19 feet (5.8 meters) in diameter
and is serviced by a hoist utilizing a hoist cage that is primarily used for transportation of CH TRU and
RH TRU wastes from the surface to underground disposal areas.

The underground areas (see Figure 1.2-4) consist of the waste disposal area, and the support area. The
disposal area has four main entries (two entries for fresh air and two entries for return air) and a
number of disposal rooms. The layout of the shafts and entries allows mining and disposal operations
to proceed simultaneously. The first disposal panel is used to dispose waste while the next panel is
being mined. Successive stages follow in a similar manner.

A typical disposal panel consists of seven disposal rooms. Each room is 33 feet (10 meters ) wide, 13
feet (4 meters) high, and 300 feet (91.5 meters) long. The disposal rooms are separated by pillars of
salt 100 feet (30.5 meters) wide and 300 feet (91.5 meters) long. Panel entries at the end of each of
these disposal rooms are also 33 feet (10 meters) wide and 13 feet (4 meters) high and will be used for
waste disposal, except for the first 200 feet (61 meters) from the main entries which are 22 feet (6.7
meters) wide by 14 feet (4.3 meters) high. This first 200 feet (61 meters) will be used for installation
of panel closure systems.

1.2.2 Facility Operations

The principal operations of the WIPP involve the receipt of TRU and TRU mixed waste and
emplacement in the underground salt repository for disposal (see Figure 1.2-5). Transporters carrying
TRU waste arrive at the WIPP and are unloaded outside the WHB. The shipments are surveyed for
external contamination prior to their movement into the WHB for unloading.

CH TRU waste will be shipped to the WIPP in Nuclear Regulatory Commission (NRC)-certified
shipping packages. After the CH TRU waste shipping container is inspected for contamination, the
loaded shipping container is moved into the WHB and placed on a handling dock. The container is
opened, surveyed for radiation and contamination levels, and the waste containers are removed and
placed on a facility pallet. This pallet is then transferred to the conveyance loading car, which is
moved into the hoist cage in the waste shaft for transfer to the disposal horizon.

At the disposal horizon, the pallet is removed from the hoist cage, placed on the underground
transporter, and moved to the CH TRU waste disposal room. In the disposal room, the containers are
removed from the pallet and placed in the waste stack. The empty pallet is returned to the surface for
reuse.
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The waste received for placement in the WIPP facility must conform with the WIPP Waste Acceptance
Criteria (WAC).®> The operational philosophy at the WIPP facility is to start radiologically clean and
stay radiologically clean. Consequently, any containers of waste that are found to be externally
contaminated or damaged will be decontaminated or placed in a larger container (overpacked at the
location contamination is found or damage occurs), or returned to the generating/shipping facility.
Also, any local area of contamination will be isolated and/or decontaminated prior to continuation of
the waste handling process.

Analyses in this SAR address CH TRU waste emplacement operations only. Existing RH TRU design
and operations information were retained for design configuration management purposes only
(Changes to RH SSCs are evaluated through the configuration management process, for their
impact on CH design and operations as evaluated in this SAR). RH TRU waste handling and
emplacement operations will be updated in future revisions of this SAR.
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References for Section 1.2

1. U.S. Department of Energy, 46 FR 9162, Record of Decision, Waste Isolation Pilot Plant, January
28, 1981

2. Public Law 102-579, Waste Isolation Pilot Plant Land Withdrawal Act, October, 1992 [ as
amended by Public Law 104-201].

3. DOE/NTP-96-1204, Revision 0, The National Transuranic Waste Management Plan, U. S.
Department of Energy, Carlsbad Area Office, September 30, 1996, Section 2.1.

4. DOE/EIS-0026-S-2, WIPP Disposal Phase Final Supplemental Environmental Impact Statement,
U. S. Department of Energy, Carlsbad Area Office, September, 1997.

5. WIPP-DOE-069, TRU Waste Acceptance Criteria for the Waste Isolation Pilot Plant, Revision 5,
April 1996.
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1.3 Safety Analysis Overview and Conclusions
1.3.1 Safety Analysis Report Strategy and Approach

The WIPP SAR, originally issued in May 1990 following approval by the Department of Energy,
Office of Environmental Restoration and Waste Management (DOE-EM), was prepared to satisfy: (1)
the commitments in the Working Agreement for Consultation and Cooperation' (WACC) (Article III,
Section C and Article IV, Section K, known as the Working Agreement) between the State of New
Mexico and the U.S. Department of Energy; and (2) the requirements of DOE Order 5481.1B, Safety
Analysis and Review System” and DOE Albuquerque Operations Office AL Order DOE-AL 5481.1B.°

Since the original approval by DOE-EM, the WIPP SAR has been reviewed and updated: (1) annually
in the Fiscal Year (FY)-92 through FY-97 updates; and (2) to ensure compliance with the requirements
of DOE Orders 5480.21, Unreviewed Safety Questions,* 5480.22, Technical Safety Requirements,’
5480.23, Nuclear Safety Analysis Reports,® and 5480.24, Nuclear Criticality Safety.” Due to the
cancellation of DOE Order 5481.1B, the SAR is being maintained per the requirements of DOE Order
5480.23. This SAR represents a statement and commitment by the DOE that the WIPP can be
operated safely and at acceptable risk. It also represents the “Final" SAR indicating that the WIPP
facility is ready to begin operating versus “Preliminary,“ which generally refers to a facility in the
design or construction stage.

In accordance with the requirements of DOE Order 5480.23,% the SAR documents the safety analyses
that develop and evaluate the adequacy of the safety bases. The safety bases are defined by DOE
Order 5480.23° as:

“the combination of information relating to the control of hazards at a nuclear facility (including
design, engineering analyses, and administrative controls) upon which DOE depends for its conclusion
that activities at the facility can be conducted safely."

This SAR establishes and evaluates the adequacy of the WIPP CH TRU safety bases in response to
plant normal and abnormal operations, and postulated accident conditions. The WIPP safety bases
analyzed include; (1) the adequacy of the design basis of WIPP CH SSCs, and the application of
appropriate engineering codes, standards, and quality assurance requirements, (2) the selection of
principal design and safety criteria, (3) the assignment of Technical Safety Requirements (TSRs), and
(4) the management, conduct of operations, and institutional dimensions of safety assurance.

Analyses in this SAR address CH TRU waste emplacement operations only. Existing RH TRU design
and operations information were retained for design configuration management purposes only
(Changes to RH SSCs are evaluated through the configuration management process, for their
impact on CH design and operations as evaluated in this SAR). RH TRU hazards and accident
analyses will be included in a RH TRU Preliminary Safety Analysis Report (currently scheduled for
FY-99).
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The following provides a summary of the specific issues as they relate to the CH TRU safety bases:
(1) Safety Analysis Report Organization

The WIPP SAR was originally structured to satisfy the specific commitments made in the WACC
Agreement.! The WACC format is different from the 20 chapter SAR concept of DOE Order
5480.23,° and DOE-STD-3009-94.% By applying the graded approach concepts as discussed in DOE-
STD-3009-94, 10 of the 20 DOE Order 5480.23 chapters were consolidated into other identified
chapters. This resulted in a 10 chapter WIPP SAR format that is similar to the WACC Agreement
format. This graded approach consolidation and reformatting is consistent with the discussion in DOE
Order 5480.23 Attachment 1, Sections 4.f.(1)(c), and 4.f.(3)(d). SAR chapter titles are retitled to
follow selected DOE-STD-3009-94 or DOE Order 5480.23 titles and to be consistent with their
individual contents. The WIPP SAR format is as follows:

Chapter 1 - Executive Summary

Chapter 2 - Site Characteristics

Chapter 3 - Principal Design and Safety Criteria

Chapter 4 - Facility Design and Operation

Chapter 5 - Hazards and Accident Analysis

Chapter 6 - Derivation of Technical Safety Requirements
Chapter 7 - Radiological and Hazardous Material Protection
Chapter 8 - Institutional Programs

Chapter 9 - Quality Assurance

Chapter 10 - Decontamination and Decommissioning

Table 1.3-1 provides a correlation between the WACC Agreement SAR Format and Content
requirements and the WIPP SAR format, and Table 1.3-2 provides a correlation between the SAR
topics required by DOE Order 5480.23.

(2) Facility Hazard Categorization

The hazard classification categorization was determined in accordance with DOE-STD-1027-92,
Hazard Categorization and Accident Analysis Techniques for Compliance with DOE Order 5480.23,
Nuclear Safety Analysis Reports.® A deterministic approach was taken without considering facility
segmentation, form location or dispersibility of the material at risk. The material at risk for the
determination of the categorization was defined as the maximum radiological contents of a single CH
waste container as derived in Chapter 5. The WIPP Facility is classified as a Hazard Category 2
facility based on this single waste container inventory in comparison to the threshold quantities
provided in Table A-1 of DOE-STD-1027-92.°

(3) Design and Operation

The System Design Descriptions' (SDDs) for the WIPP provide the design information for Chapter 3,
Principal Design and Safety Criteria, and Chapter 4, Facility Design and Operation. The SDDs
provide the most currently available final engineering design information on waste emplacement
operations throughout the disposal phase up to the point of permanent closure. Design and operations
information were also obtained from the Title 40 CFR 191 Compliance Certification Application for
the Waste Isolation Pilot Plant, DOE/CAQO-1996-2184, October 1996.'2 Also, the criteria which define
the TRU waste to be acceptable for disposal at the WIPP facility are summarized in Chapter 3 based on
the Waste Acceptance Criteria (WAC) for the Waste Isolation Pilot Plant."
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WACC Agreement SAR requirements for Long Term Waste Isolation Assessment, are summarized in
Chapter 5. The Long Term Waste Isolation Assessment is covered in the WIPP Compliance
Certification Application (CCA).

The systematic evaluation of the human factors associated with the design and operation of the WIPP to
meet the requirements of DOE Order 5480.23° is incorporated in Chapter 4. The evaluation
determined that well established policies and procedures are in place ensuring normal and emergency
procedures are implemented, adequate directions have been provided to shift personnel concerning
actions to be taken in a potential accident environment, and adequate procedures are available for
follow-up response. A detailed summary of the human factors evaluation is provided in Section
1.3.2.2.6.

The WIPP site description in terms of geology, hydrology, meteorology, geography, demography,
nearby facilities, and cultural and natural resources are based on information provided in the Title 40
CFR 191 Compliance Certification Application for the Waste Isolation Pilot Plant, DOE/CAQO-1996-
2184, October 1996."

(4) Hazard Analysis

The WIPP CH TRU handling process was qualitatively evaluated using a Hazard and Operability Study
(HAZOP)" (Summarized in Appendix C). This systematic approach to hazard analysis was conducted
by a leader knowledgeable in the HAZOP methodology and consisted of personnel from various
disciplines familiar with the design and operation of the WIPP (HAZOP Team). The HAZOP Team
identified deviations from the intended design and operation of the waste handling system that could:
(1) result in process slowdown or shutdown, (2) result in worker injury or fatality, and (3) result in the
release of waste container radiological and nonradiological materials.

The HAZOP Team assigned a qualitative consequence and frequency ranking for each deviation. A
hazard evaluation ranking mechanism utilized the frequency and the most significant consequences to
separate the low risk hazards from high risk hazards that may warrant additional quantitative analysis
of consequences to the maximally exposed individual (MEI), noninvolved worker, and immediate
worker. Based on this ranking approach HAZOP deviations whose combined hazard rank were
identified to be of moderate or high risk (see Table 1.3-3) were selected for quantitative analysis in
Section 5.2 to: (1) verify and document the basis for the qualitative frequency and consequence
assignments in the HAZOP, and (2) identify the need for safety (safety-class or safety-significant)
SSCs and Technical Safety Requirements (TSRs).

The HAZOP replaces previous hazards analyses in existing documentation including the Final
Environmental Impact Statement (FEIS),** Final Supplement Environmental Impact Statement (SEIS),*
WIPP Fire Hazards and Risk Analysis,'¢ and Failure Modes and Effects Analyses (FMEAs), for the
purposes of identifying initiating events for quantitative accident analysis in Section 5.2. However,
these documents were reviewed to ensure that all hazards associated with CH TRU waste handling
were identified in the HAZOP. A detailed summary of the hazards analysis results is provided in
Section 1.3.2.2.1.

Since the performance of the HAZOP, an update of the WIPP Fire Hazards Analysis'’ has been

performed to meet the requirements of DOE O 420.1."® The updated Fire Hazards Analysis confirms
the previous evaluation that the frequency of room or structural fire, as an accident in the Waste
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Handling Building (WHB) resulting in a direct release of radioactive material from the waste containers
engulfed in the fire, is beyond extremely unlikely (< 1E-06/yr).

(5) Defense in Depth

A defense in depth section identifies layers of defense against the abnormal and accidental release of
radiological and nonradiological hazardous materials. The WIPP approach provides three layers of
defense which include conservative design of the’ facility s SSCs, protection against anticipated
operational occurrences and unlikely events, and passive features that may be on line continuously or
automatically/manually activated.

The ultimate safety objective of the first, or primary layer of WIPP defense in depth is accident
prevention. The reduction of risk (as the product of frequency and consequence) to both workers and
the public from WIPP CH TRU waste handling and emplacement operations is primarily achieved by
reducing the frequency of occurrence of postulated abnormal events or accidents. The conservative
design of the facility's SSCs, with operations conducted by trained/qualified personnel to the standards
set forth in approved procedures, provides the first layer. Specific preventative measures are identified
in Appendix C for each postulated deviation as identified in the HAZOP, and in Table 1.3-3 for each
deviation considered for quantitative accident analysis.

The second layer of defense in depth provides protection against anticipated and unlikely operational
events that might occur in spite of the protection afforded by the first layer of defense. The second
defense layer is characterized by detection and protection systems, and controls that: (1) indicate
component, system, or process performance degradation created by compromises of the first layer, and
(2) provide adequate mitigation and accommodation of the consequences of those operational accidents
which may occur.

The third layer of defense in depth supplements the first two layers by providing protection against
extremely unlikely operational, natural phenomenon, and external events. These events represent
extreme cases of failures and are analyzed in Section 5.2.3 using conservative assumptions and
calculations to assess the radiological and nonradiological effects of such accidents on the MEI,
noninvolved worker, and immediate worker to verify that a conservative design bases has been
established. A detailed summary of the WIPP defense-in-depth strategy is provided in Section
1.3.2.2.7.

(6) Accident Analysis

The accident analyses utilize currently available DOE Orders, standards and guidance as documented
in DOE-STD-3009-94® and DOE-STD-1027-92°, for determination of safety of the public, worker, and
the environment. This SAR provides an analysis of the potential hazards that may exist at the WIPP at
the level of analytical effort based on the magnitude of the hazards and the complexity of the CH TRU
waste operations conducted at the WIPP. The accidents selected for quantitative analysis are
considered Derivative Design Basis Accidents, (DBAS) as defined in DOE ‘Standard 3009-94. These
derivative DBAs are used to estimate the response of WIPP SSCs to the range of accident scenarios
that bound the envefope of accident conditions to which the facility could be subjected in order to
evaluate accident consequences.

The principal purpose of the accident analysis is to evaluate the derivative DBAs for the purposes of

identifying safety (safety-class or safety-significant) SSCs and TSRs necessary to maintain accident
consequences resulting from these derivative DBAs to within the accident risk evaluation guidelines.
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For the purposes of establishing safety SSCs, the consequences of these accidents are analyzed to a
noninvolved worker conservatively assumed to be 328 ft (100 meters) from each release point, and to
the MEI located at the WIPP Exclusive Use Area. An evaluation of operational accidents “beyond”
the derivative design basis is conducted by evaluating the accident scenarios in response to the
bounding conditions as derived from the WIPP Waste Acceptance Criteria (WAC)."' For simplicity,
the term “derivative” is dropped for the remainder of this chapter; DBA refers to derivative DBAs.

DOE Standard 3009-94 states that use of a lower binning threshold such as 1E-06/yr is generally
appropriate, but should not be used as an absolute cutoff for dismissing physically credible low
frequency operational accidents without an evaluation of preventative or mitigative features. As such,
DBAss identified in this section whose frequency are less than 1E-06/yr (beyond extremely unlikely) are
also analyzed quantitatively for the sole purpose of providing perspective on the risk associated with
the operation of the facility. The results of these analyses are found in the respective accident
evaluation in Section 5.2.3.

An assessment of immediate worker accident consequences is also conducted for the operational waste
handling scenarios whose frequency is greater than 1E-06/yr (waste container breaches due to drop or
impact), that may be initiated by waste handling equipment failure or directly through human error by a
worker performing a waste handling operation. Again, accidents whose frequency are less than
1E-06/yr (beyond extremely unlikely) are also analyzed quantitatively in the respective accident
evaluation in Section 5.2.3 for the sole purpose to provide perspective of the risk to the immediate
worker associated with the operation of the facility. The immediate worker is that individual directly
involved with the waste handling operation for which the accident is postulated. As discussed in
Sections 5.1.2.1.2 and 5.1.7, the assessment of immediate worker consequences will ensure that the
maximum allowable radionuclide inventory, in conjunction with the other layers of defense in depth,
will preclude worker risk from being unacceptable.

The models and assumptions used in the analysis for determining the amount of radioactivity released
to the environment and the extent of exposure to the MEI, noninvolved worker, and immediate worker
are provided in Section 5.2. Activity releases to the environment are given for each postulated
accident. Committed Effective Dose Equivalents (50 yr CEDE) were calculated for what are
considered to be hypothetical individuals located: (1) at the WIPP Exclusive Use Area boundary (MEI)
and the site boundary (16 Section Boundary), (2) at 328 feet (100 m) from each release point
(noninvolved worker), and (3) within the immediate area of the accident (immediate workers). The
meteorological conditions under which these doses are evaluated are discussed in Section 5.2.1.

In evaluating hypothetical accidents, a level of conservatism is used in the safety analysis assumptions
to provide consequences which result in postulated releases that are overestimated rather than
underestimated. The level of conservatism in each of the safety analysis variables is consistent with
DOE-STD-3009-94 and its draft appendix. Although draft documents are not necessarily appropriate
for reference in this SAR, the draft appendix provides reasonable guidance for consideration and use.
The level of conservatism chosen, bounding the full range of possible scenarios (although several of
those scenarios are considered to be beyond extremely unlikely), provides reasonable assurance that
when considering the variability in waste form, TRU activity content, and radionuclide distributions
that: (1) the safety envelope of the facility is defined, (2) the design of the facility is adequate in
response to the accident scenarios analyzed, and (3) the Technical Safety Requirements (TSRs)
assigned will provide for the protection of the public, the worker, and the environment. A detailed
summary of the accident analysis frequency and consequence results is provided in Sections 1.3.2.2.2
and 1.3.2.2.3.
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Analyses in this SAR address CH TRU waste emplacement operations only. Existing RH TRU design
and operations information were retained for design configuration management purposes only (Changes
to RH SSCs are evaluated through the configuration management process, for their impact on CH
design and operations as evaluated in this SAR). RH TRU hazards and accident analyses will be
included in a RH TRU Preliminary Safety Analysis Report, currently scheduled for FY-1999.

(7) Verification of Design

The hazard and accident analysis results are used to indicate whether safety (safety-class or safety-
significant) SSCs are required for the WIPP to prevent or mitigate accidental radiological or
nonradiological consequences to the MEI and noninvolved worker to within the risk evaluation
guidelines.

Section 5.2.4.1, Evaluation of the Design Basis, discusses in detail: (1) the identification of defense-in-
depth SSCs, (2) the evaluation of safety-class and safety significant SSCs, and (3) the applicability of
functional and performance requirements and controls. A detailed summary is provided in Section
1.3.2.2.5.

(8) Technical Safety Requirements

Technical Safety Requirements (TSRs) are developed based on the requirements provided in DOE
5480.22,° Technical Safety Requirements (TSRs). Based on the requirements and the results of the
hazard and accident analysis, no Safety Limits, Operational Limits, or Surveillance Requirements are
defined for the WIPP. Supporting the first layer of defense in depth (the prevention of accidents),
WIPP TSR Administrative Controls (ACs) are established as follows:

® To maintain the design, quality, testability, inspectability, maintainability, and accessibility of the
facility, TSR ACs are required relating to: (1) configuration and document control, (2)
maintenance, (3) quality assurance, and (4) geotechnical monitoring. These ACs are important to
ensure the frequency of events and the availability of the operating and design conditions remain as
analyzed in Section 5.2.3.

® To ensure that the facility operations are conducted by trained and certified/qualified personnel in a
controlled and planned manner, TSR ACs are required relating to: (1) facility operations chain of
command and responsibilities, (2) facility staffing requirements, (3) procedures, (4) staff
qualifications, (5) conduct of operations, and (6) training. These ACs are important to ensuring
the low frequency of the accidents analyzed in Section 5.2.3, in particular to those waste handling
accidents where human error is the major contributor to the likelihood of the accident initiating
event (CH3, CH4, and CH9).

® To ensure that hazards are limited within the bounds assumed in Section 5.2, or that the occurrence
of a deviation from the assumed hazard bounds are at an acceptably low frequency, TSR ACs are
required relating to: (1) waste characteristics (Waste Acceptance Criteria), (2) waste container
integrity, and (3) criticality safety. The TSR AC for waste characteristics limits the radionuclide
content of each waste container, restricts the fissile content of the containers, and restricts the
presence of waste characteristics unacceptable for management at the WIPP facility. Container
integrity ensures the robustness reflected in the waste release analyses, while criticality safety is a
designed in-storage and handling configuration that ensures (in conjunction with waste
characteristics) that active criticality control is not required.
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Supporting the second and third layers of defense in depth, WIPP TSR ACs are identified which
establish programs for radiation protection (including radiation monitoring equipment and airborne
radioactivity monitoring), and emergency management. Basic elements and requirements defined for
TSR AC programs are enforced by the associated implementing WIPP procedures.

(9) Protection of Immediate Workers From Accidents

The HAZOP® for the CH TRU Waste Handling System identified a number of waste handling process
hazards that could potentially lead to events resulting in immediate worker injury or fatality, or
exposure to radiological and nonradiological hazardous materials.

The HAZOP Team identified a significant number of existing preventative safeguards that lower the
likelihood of occurrence of each deviation, substantially reducing the risk of injury or fatality to
workers. The HAZOP Team concluded, consistent with the first layer of defense in depth, substantial
safeguards currently exist at the WIPP to prevent or reduce the likelihood of such deviations from
occurring. Identified preventative safeguards generally include the following:

® Facility and equipment design, application of appropriate design classification and applicable
design codes and standards,

® Programs relating to configuration and document control, quality assurance, and preventative
maintenance and inspection,

® Administrative controls including the WIPP WAC, waste handling procedures and training, and the
WIPP Emergency Plan and associated procedures.

Consistent with: (1) Paragraph 6 of Attachment 1 of DOE Order 5480.22, Technical Safety
Requirements, (2) the defense-in-depth philosophy discussed in Section 5.1.6, and (3) the philosophy
of Process Safety Management (PSM), as published in 29 CFR 1910.119, Process Safety Management
of Highly Hazardous Chemicals,*' reduction of the risk to workers from accidents is accomplished at
the WIPP primarily by identifying controls to prevent the event from happening. (note: Compliance
with 29 CFR 1910.119 is not required by WIPP. However, the WIPP philosophy of reduction of
accident risk discussed in this section, is consistent with this standard.) As stated in paragraph 6 of
Attachment 1 of DOE Order 5480.22, “The TSRs are not based upon maintaining worker exposures
below some acceptable level following an uncontrolled release of hazardous material or inadvertent
criticality; rather the risk to workers is reduced through the reduction of the frequency and potential
impact of such events.”

Consistent with this statement, in conjunction with the defense-in-depth philosophy described in the
previous section, total risk is evaluated in this SAR by: (1) performing engineering analyses in the
form of event tree/fault tree analysis to identify systems, structures, components, processes, or
controls that contribute most to the accident phenomena frequency for the purposes of verifying their
adequacy or identifying improvements to reduce the accident frequency and therefore risk, and (2)
evaluating human error as an initiating event.

Section 5.2.3 evaluates the accident dose consequences to immediate workers from operational waste
container handling accidents whose frequency is greater than 1E-06/yr and may be initiated by waste
handling equipment failure or directly through human error by a worker performing a waste handling
operation. These accidents include crane failure, and waste container drops or puncture in the Waste
Handling Building and the underground. The immediate worker is that individual directly involved
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with the waste handling operation for which the accident is postulated. This evaluation will ensure that
the maximum allowable radionuclide inventory, in conjunction with the other layers of defense in
depth, will preclude worker risk from being unacceptable. A detailed summary of the evaluation of the
WAC maximum allowable radionuclide inventory is provided in Section 1.3.2.4. Releases from such
accidents are conservatively assumed to be instantaneous, and, although procedures dictate that
workers exit the area immediately, such accidents present an immediate risk due to the inhalation of
airborne radionuclides to the worker performing the waste handling operation.

To evaluate the risk to immediate workers from extremely unlikely operational accidents such as roof
fall in the underground and waste hoist failure, the direction of resources in this SAR is focused on the
evaluation of system/facility reliability (accident prevention) than on an in-depth evaluation of
radiological consequences to an immediate worker and post accident mitigative systems and controls.
This evaluation is conducted in the event tree/fault tree analysis in Appendix D, and the accident
scenario and evaluation of design adequacy descriptions for each applicable accident in Section 5.2.3.

The risk to workers from extremely unlikely process inherent events such as spontaneous ignition, is a
result of the failure of the WIPP WAC to restrict waste elements (such as the presence of pyrophorics)
that may cause the initiating event. Again, the direction of resources is focused more on the evaluation
of the adequacy of the WAC certification process to prevent this type of accident, rather than on the
evaluation of a survivable, specified radiological consequence for which mitigative SSCs or
administrative controls may be derived. This evaluation is conducted in the event tree/fault tree
analysis in Appendix D, and discussed in Section 5.1.2, and the accident scenario descriptions for CH1
and CH?7 in Section 5.2.3. In addition to these fault tree analyses, human error as an initiating event
has been evaluated in the WIPP Human Factors Evaluation.

As derived from the WIPP HAZOP, the risk to immediate workers from severe natural phenomenon
(design basis earthquake and/or tornado), is dominated by worker fatality due to the energetic
phenomenon during the event, as opposed to a specified radiological dose for which additional
mitigative SSCs or administrative controls may be derived. This SAR is focused more on the
evaluation of the existing facility design when subjected to the severe natural phenomenon (to reduce
the likelihood of worker fatality, as well as breach of waste containers), rather than on the evaluation
of radiological consequences to an immediate worker. This evaluation is conducted in the accident
scenario and evaluation of design adequacy descriptions for each applicable accident in Section 5.2.3.

Due to the importance of these preventative features in the WIPP defense-in-depth safety approach,
and for providing worker protection from accidents, TSR ACs are assigned in Chapter 6 and required
in the WIPP TSR Document (Attachment 1 to the SAR).

(10) Waste Acceptance Criteria

The WIPP WAC"! provides the initial set of criteria in Section 3.1 for use in the hazards and accident
analyses. The waste accepted for placement in the WIPP facility must conform with the WIPP WAC
unless an exception to the WAC has been approved as a result of examination in relation to the SAR.
Based on the hazards and accident analyses presented in Chapter 5, specific waste characteristics used
in the development of the safety analysis, are required in Chapter 6 to be incorporated as WAC
Operations and Safety Requirements. A TSR AC for Waste Characteristics require that the safety
analysis criteria be incorporated into the WAC.

Estimates of the radiological waste container inventory for safety analysis calculations were established
from a June, 1996 query of the WIPP Transuranic Waste Baseline Inventory Report (BIR)" database,
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examining the radionuclide inventory by final waste form, stored waste volume, and waste site. The
data reported by the generator sites for 569 individual waste streams was organized by the waste
stream, final waste form, and radionuclide concentration (expressed in terms of PE-Ci/equivalent 55
gallon (208 L) drums).

Past WIPP safety analyses established a waste container radionuclide inventory (CI) for use in accident
analysis calculations based: (1) strictly on the weapons grade mix (Pu-52 distribution), or (2) based on
an average or representative waste container content. Additionally, an arbitrarily chosen radionuclide
inventory of 1000 PE-Ci was previously used for bounding accident analysis consequence calculations,
and established as the WIPP WAC Pu-239 Equivalent Activity Operations and Safety limit.

Past safety analysis consequence calculations were performed predicated on the WIPP WAC
Operations and Safety requirement that waste materials be immobilized if > 1% by weight is
particulate material < 10 microns in diameter, or if > 15 % by weight is particulate material < 200
microns in diameter. However, deletion of this constraint is desirable due to the risk and cost
associated with characterizing the size distribution of deposited radionuclide surface contamination on
combustible and noncombustible solids. This SAR has evaluated a reasonable range of Cls for
"untreated" (not solidified, vitrified, or overpacked) CH TRU waste. Based on a maximum reasonable
CI, used in conservative safety analysis with updated airborne release and respirable fractions and the
radionuclide limitations for untreated waste derived below, the potential dose consequences due to
inhalation by immediate workers, the noninvolved worker, and the MEI from operational accidents
with frequencies greater than 1E-06/yr are within the risk evaluation guidelines in Section 5.2.2. As a
result, immobilization is no longer required as a WAC criterion.

In conjunction with this goal, the establishment of the radionuclide CI for use in accident analysis
calculations must also involve: (1) an evaluation of existing safety analysis orders and guidance
documents to establish the appropriate level of conservatism for the CI for safety analysis calculations,
(2) consideration of the projected waste inventory in Appendix A and the desire to encompass as much
of the Pu-239 and Pu-238 operations waste as possible with the least design or operational impacts to
both the waste generator and the WIPP, and (3) evaluation of the existing WAC transportation
constraints (nuclear criticality (Pu-239 FGE) and Thermal Power (<40 watts per TRUPACT-II)
criteria).

The adequacy of the WIPP facility design, and operational administrative controls (the maximum CI
derived below, and elimination of the immobilization requirement as a WAC criterion) is evaluated,
based on the accident results in Section 5.2, in detail in Section 5.2.4, and summarized in Section
1.3.2.4.

The source term equation radiological CI used in the accident analyses, is based on the analyses in
Section 5.1.2. DOE-STD-3009-94 and its draft appendix state that the source term material at risk
(MAR = CI * containers damaged, CD) should® represent a reasonable maximum for a given process
or activity, as opposed to artificial maximums unrepresentative of actual conditions: Additionally,
Section A.3.1 of the draft appendix to DOE-STD-3009-94, states that documentation may be used to
back off of bounding estimates of the MAR. Consistent with this statement, based on the data found
in Appendix A (as discussed in Section 5.1.2.1), since CH TRU waste operations accidents may result
in more than one container damaged in a postulated accident (CD > 1), for safety analysis calculation
purposes it is conservatively assumed that one waste container contains the maximum radionuclide
inventory and the remaining waste containers each contain an average radionuclide inventory.

113
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As described in Section 5.1.2.1, the maximum drum radionuclide inventory is 80.0 PE-Ci and the
maximum SWB radionuclide inventory is 130 PE-Ci. For accident scenarios which involve single
waste containers (CD = 1), it is conservatively assumed that the waste container contains the

maximum radionuclide inventory. The value CD is determined in each specific accident scenario.

As described in Section 5.1.2.1, the maximum drum radionuclide inventory used to formulate the
MAR that is not solidified, vitrified, or overpacked is 80.0 PE-Ci, and the maximum SWB
radionuclide inventory that is not solidified, vitrified, or overpacked is 130 PE-Ci. As a defense-in-
depth approach to prevent potential unacceptable dose consequences to the MEI, noninvolved worker,
and immediate worker (the primary receptor of concern for evaluation of the adequacy of the
immobilization criterion) from high PE-Ci untreated waste, the WAC requires that waste containers
exceeding the 80 PE-Ci (drums) or 130 PE-Ci (SWBs) values must be overpacked (drum within a SWB
or TDOP), or solidified or vitrified (thus immobilized) prior to acceptance at WIPP. Solidification and
vitrification both greatly inhibit the release of the waste form should a container be breached during an
accident. Overpacking provides an additional barrier that will greatly reduce the frequency of breach
during accidents. These two factors, combined with the low percentage of high activity TRU waste
volume that currently exists in the inventory, are judged to make the risks associated with high PE-Ci
waste forms small compared to those estimated for the "reasonable maximum" MAR.

As discussed above, the WIPP WAC Thermal Power TRUPACT-II requirement limits the maximum
total PE-Ci for a TRUPACT-II shipment of Pu-238 waste to approximately 1,117 PE-Ci. Therefore,
the WAC Pu-239 Equivalent Activity Operations and Safety maximum allowable waste container
radionuclide inventory of 1,100 PE-Ci for overpacked waste and 1,800 PE-Ci for solidified/vitrified is
established.

The adequacy of these assumptions and the WIPP CH TRU facility design basis are evaluated in detail
based on the accident results in Section 5.2.4, and summarized in Section 1.3.2.4. Receipt of waste
for disposal at WIPP that does not meet the applicable Operations and Safety Requirements of the
WIPP WAC will first require the performance of an Unreviewed Safety Question Determination
(USQD) in accordance with the requirements of DOE Order 5480.21, Unreviewed Safety Questions.*

(12) Programs and Procedures

It is the firm commitment of the WIPP management that occupational radiological exposures are kept
As Low As Reasonably Achievable (ALARA). This policy, as reflected in administrative programs
and procedures established in accordance with 10 CFR 835* and the WIPP Radiation Safety Manual,”
ensures that the safety basis of the WIPP facility will maintain individual occupational radiation
exposures to ALARA. As part of normal operations activities at the WIPP, the waste containers
(having met the WIPP WAC) are closely inspected and surveyed for radiation, contamination, and
damage before transfer to the underground repository. Most significantly, the cleanliness of containers
is required to not be in excess of the DOE's free release limits (20 disintegrations per minute (dpm)
alpha per 100 cm?, or 200 dpm beta/gamma per 100 cm?) prior to shipment from the generator sites.
(See Chapter 7 for the basis for radiological and hazardous material protection limits.) WIPP normal
operations do not entail any planned or expected releases of airborne radioactive materials which may
present an internal occupational radiological hazard to workers, or present a hazard from the airborne
pathway to the off-site public.

The institutional programs provide an inclusive strategy to support the safe operation of the facility
through implementation of programs and procedures. These programs and procedures fulfill the
objectives of radiological protection, project management system, safety management policies and
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programs, procedures and training, initial testing, in service equipment monitoring, maintenance,
operational safety, quality assurance, emergency preparedness, and decontamination/decommissioning.

1.3.2 Safety Analysis Conclusions and Assessment of the CH Design Basis
1.3.2.1 Safety Analysis Overview

Safety analysis was performed for the WIPP to ensure that: 1) potential hazards are systematically
identified, 2) unique and representative hazards that may develop into accidents are evaluated,

3) applicable reasonable measures to eliminate, control, or mitigate the accidents are taken, and 4)
safety (safety-class or safety-significant) SSCs and accident specific TSRs, based on comparison of
accident consequences to the MEI and noninvolved worker to the off-site and on-site risk evaluation
guidelines respectively, are identified.

The predicted waste (radioactive/chemical content) to be received in 55-gallon (208 L) drums and
SWBs at the WIPP was conservatively estimated based on data'® from the generating sites, process
knowledge, and limiting criteria provided in the WAC.!" These estimates provided bounding container
inventories used in the determination of potential consequences from postulated accidents.

Hazards associated with the facility processes were evaluated through a systematic hazard analysis
process. The analysis encompassed the waste receipt, handling and disposal of CH TRU waste in the
WIPP. The hazards analysis involved a multi-step process which included: 1) identification of the
potential hazards associated with the CH TRU waste handling process, 2) characterization of the waste
expected at the WIPP, and 3) a hazard evaluation in the form of a HAZOP" for the CH TRU waste
handling process. This multi-step process provided a comprehensive examination of the potential
hazards which may require quantitative evaluation in the accident analysis.

The major hazard associated with the CH TRU waste handling process is associated with the
radiological and nonradiological hazardous materials within the waste containers. Hazards associated
with mining operations are considered standard industrial hazards governed by Occupational Safety and
Health Administration (OSHA) and Mine Safety and Health Administration (MSHA) regulations and
are considered only when they may be an initiating event leading to the accidental release of
radiological or nonradiological hazardous materials. Waste handling operations at the WIPP do not
involve high temperature and pressure systems, electromagnetic fields or the use of toxic material in
large quantities outside of the waste containers. Therefore, for the purposes of establishing an
inventory of radiological and nonradiological material, only that material contained in the waste
containers was considered, with the dispersive forces being mechanical damage to the containers, or
chemical reaction within the containers.

The hazard analysis process identified potential accident scenarios in the categories of: 1) operational
accidents (caused by initiators internal to the facility), 2) natural phenomena events (e.g., earthquakes,
tornadoes), and 3) external events (caused by man made initiators external to the facility). These
potential accident scenarios were then qualitatively ranked in terms of consequence to the public and
relative probability to determine unique and representative accidents for further quantitative analysis
see Table 1.3-3.

Review of the WIPP Land Management Plan* indicates that public access to the WIPP 16-section area
up to the exclusive use area shown in Figure 5.2-1 is allowed for grazing purposes, and up to the DOE
off limits area" for recreational purposes. In accordance with DOE Order 6430.1A,% Section 1300-
3.2, the location of the MEI is located at the "closest point of public access," or the DOE “exclusive
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use area.  The location of the MEI is also consistent with guidance for the implementation of 40 CFR
191,% Subpart A. Calculations are also performed in Appendix E for a member of the public at the
site boundary for reference purposes.

Although prevailing winds are towards the northwest at the WIPP Site, the closest distance to the
exclusive use area (without regard to direction) from the exhaust shaft vent and the WHB vent was
used in the dose assessment calculations. The closest distance to the exclusive use area boundary from
the exhaust shaft vent lies south at approximately 935 ft (285 meters) and the closest distance to the
exclusive use area boundary from the WHB lies southeast at approximately 1150 ft (350 meters)
(Figure 5.2-2).

The noninvolved worker is assumed to be a worker not directly involved with the waste handling
operation for which the accident is postulated. The maximally exposed noninvolved worker is assumed
to be located at a distance of 328 ft (100 meters) from each release point due to the restrictions on
dispersion modeling used in this safety analysis, at close-in distances.

A summary of the noninvolved worker and MEI radiological and toxicological consequences of
analyzed accidents and comparison to risk evaluation guidelines is presented in Tables 1.3-4, 5, 6, and
1.3-7. Off-site risk evaluation guidelines based on ANSI/ANS-51.1% are adopted by the WIPP to
compare accidental releases from postulated events to the MEI based on estimated frequency of
occurrence. Noninvolved worker dose consequences are compared to on-site risk evaluation guidelines
developed from available supporting DOE and ANSI guidance. DOE-CAO adopts the same conceptual
approach used for the on-site risk evaluation guidelines as for the off-site (public) dose.

However, on-site risk evaluation guidelines are greater than those for the public as DOE-CAO accepts
the basic premise that entry onto the site implies acceptance of a higher degree of risk than that
associated with the off-site public. This assumption is not considered remiss with regards to safety
assurance because the on-site risk evaluation guidelines do not result in any acute health effects
noticeable to exposed individuals at frequencies greater than 1.0E-4 event per year and would not
result in any acute life-threatening effects.

The methodology for verifying the annual occurrence frequencies, qualitatively estimated in the
HAZOP, of operational initiating events is based on the evaluation of process inherent events
(spontaneous ignition), equipment failures, and human error. Appendix D contains the detailed
assessment of occurrence frequencies of the accidents evaluated in this section. The occurrence
frequencies for process events are estimated based on existing references and engineering judgement.
The occurrence frequencies for equipment failures and human errors are based on information from
other DOE sites with similar operations, and from generic industry data bases when available,
applicable, and appropriate.

Equipment failure rates and human error probabilities were combined with WIPP specific operational
data to obtain WIPP specific initiating event occurrence frequencies. A detailed event tree/fault tree
analysis for each postulated accident is included in Appendix D. The event trees include the analysis
of failure of associated preventative and mitigative systems and develops the annual occurrence
frequency for both mitigated and unmitigated accident sequences. The annual occurrence frequencies
derived from the event tree/fault tree analysis are not intended to represent detailed probabilistic
calculations requiring sensitivity or uncertainty analysis. The annual occurrence frequencies derived
from the event tree/fault tree analysis are used to provide reasonable assurance that an accident
frequency is in a specific qualitative frequency range (i.e. extremely unlikely) or< bin for the
purposes of selecting an appropriate risk evaluation consequence guideline.
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For the purposes of establishing safety (safety-class or safety-significant) preventative and mitigative
SSCs, an iterative process is performed. The safety (safety-class or safety-significant) iterative process
(see Section 3.1.3) initially involves comparing the t(fnmitigated ‘accident consequences to the MEI
and noninvolved worker (with associated tnmitigated *accident frequency from the event tree
analyses in Appendix D) to the off-site and on-site risk evaluation guidelines respectively. The process
is continued taking credit for additional preventative/mitigative SSCs until the risk evaluation guidelines
are met. Systems required to keep estimated consequences below the risk evaluation guidelines are
designated as safety (safety-class or safety-significant) SSCs.

The assessment of the immediate worker accident consequences is based on the evaluation of
operational waste handling scenarios (waste container breaches), whose frequency is greater than
1E-06/yr, that may be initiated by waste handling equipment failure or directly through human error by
a worker performing a waste handling operation. The immediate worker is that individual directly
involved with the waste handling operation for which the accident is postulated. Although procedures
dictate that workers exit the area immediately, such accidents present an immediate risk due to the
inhalation of airborne radionuclides to the worker performing the waste handling operation. As
discussed in Sections 5.1.2.1.2 and 5.1.7, the assessment of immediate worker consequences provides
quantitative information in evaluating the adequacy of the WIPP defense-in-depth features (identified in
the qualitative HAZOP) in keeping worker dose from accidents as low as reasonably achievable. No
current risk evaluation guidelines exist for the assessment of accident consequences to immediate
workers. Therefore, in the absence of guidelines, and for conservatism, the on-site radiological
guidelines were used as a reference point for the assessment of consequences to immediate workers and
the evaluation of the adequacy of the WIPP defense-in-depth features.

1.3.2.2 Safety Analysis Conclusions
1.3.2.2.1 Hazards Analysis Results
The HAZOP Team concluded that:

® Safeguards currently exist at the WIPP to prevent or reduce the frequency of such deviations from
occurring. Identified safeguards include facility and equipment design, procedures, training,
preventative maintenance and inspection, and administrative controls including the WIPP WAC
(see Table 1.3-3, and Appendix C).

® Mitigation exists to reduce the consequences of any postulated deviation to acceptable levels.
Identified mitigation includes confinement/ventilation systems and associated HEPA filtration
systems (see Table 1.3-3, and Appendix C).

As qualitatively concluded from this HAZOP, the design of the WIPP CH TRU Waste Handling
System is sufficient to ensure the safety of the public, workers and the environment. The HAZOP
Team identified no substantial recommendations for the WIPP management to consider to reduce the
severity or frequency of any of the postulated deviations.

Based on the results of the HAZOP (Table 1.3-3), operational events are binned into two major
accident categories (fire and breach of waste container). Since breach of waste containers may occur
due to drop or vehicle impact, accidents involving both of these breach mechanisms are evaluated.
Accidents involving waste container drops are further evaluated based on the energy involved due to
drop height. Due to the differences in release and dispersion mechanisms possible, accidents of each

1.3-13 December 7, 1999



WIPP SAR DOE/WIPP-95-2065 REV. 4 CHAPTER 1

category are evaluated in the above ground and underground areas of the facility. Operational, Natural
and External initiating events that require further evaluation as determined by the hazard analysis are
listed below:

1. Operational Events

Fires

° CH1 Spontaneous Ignition (Drum) in the WHB
o CH7 Spontaneous Ignition (Drum) in the Underground

Waste Container Breaches

CH2 Crane Failure in the WHB

CH3 Puncture of Waste Containers by Forklift in the WHB
CH4 Drop of Waste Containers by Forklift in the WHB

CHS5 Waste Hoist Failure

CH9 Drop of Waste Containers by Forklift in the Underground
CH11 Underground Roof Fall

2. Natural Events

° CH6 Seismic Event
° CH10 Tornado Event

3. External Events
] CHS8 Aircraft Crash
The WIPP is classified as a Hazard Category 2 facility based on bounding estimates of a single waste
container inventory of radiological material. The safety analysis utilized this category as a preliminary
indication of the level of detail that should be contained in the SAR. In addition to the category, the
level of detail was also determined by the level of complexity and potential hazards which may exist
during operation of the facility.

1.3.2.2.2 Accident Analysis Frequency Results

As shown in Section 5.2.3, the quantitative frequency analysis for each accident produced the
following grouping of accidents:

Unlikely Range (10/year > frequency > 10/year)
CH2, Crane Failure in the Waste Handling Building (WHB)
CH3, Puncture of Waste Containers in the Waste Handling Building
CH4, Drum Drop in WHB

CH9, Drum Drop in the Underground

1 . 3' 14 December 7, 1999



WIPP SAR DOE/WIPP-95-2065 REV. 4 CHAPTER 1

Extremely Unlikely Range (10*/year > frequency > 10¢/year)
CH?7, Spontaneous Ignition in the Underground (For the population of drums < 8 PE-Ci)
Beyond Extremely Unlikely Range (10/year > frequency)
CH1, Spontaneous Ignition in The Waste Handling Building
CHS, Waste Hoist Failure
CH?7, Spontaneous Ignition in the Underground (For population of drums > 8 PE-Ci/drum)
CH11, Roof Fall

For all accidents, the quantitative frequency analysis has verified that the qualitative frequency ranges
assigned for these scenarios in the Hazard and Operability Study (HAZOP) were either correctly or
conservatively assigned. The unmitigated release frequency is as derived from the event tree
(Appendix D) for the associated scenario, and includes: (a) the likelihood of the initiating event, and
(b) the conditional likelihood of waste container damage/failure as derived from test data.

Additional quantitative frequency analyses in the form of event/fault tree analyses were performed to
identify SSCs, or processes that contribute most to the accident phenomena frequency for the purposes
of verifying their adequacy or identifying improvements to reduce the accident frequency and therefore
risk to immediate workers (as well as to the MEI and noninvolved worker). Specific accidents
evaluated in this manner were: (1) CH1 and CH7, Spontaneous Ignition in the WHB and Underground,
(2) CH2, Crane Failure in the WHB, (3) CHS5, Waste Hoist Failure, and (4) CH11, Roof Fall in the
Underground. With the exception of the Waste Handling Building 6-ton bridge crane (CH2) and
spontaneous ignition in drums containing <8 PE-Ci/ drum in the underground (CH7), the event
tree/fault tree analyses indicate that the unmitigated frequency of the identified accidents occurring are
beyond extremely unlikely (frequency < 1E-06/yr).

1.3.2.2.3 Accident Analysis Consequence Results

Based on the CH accident source term and release mechanism analyses presented in Section 5.2.3, for
scenarios with a frequency greater than 1E-06/yr (CH2, CH3, CH4, and CH9), the calculated
unmitigated accident consequences to the noninvolved worker, and MEI, were found to be well below
the selected accident risk evaluation guidelines for the extremely unlikely range (See Tables 1.3-4,
1.3-5, 1.3-6, and 1.3-7). The worst-case consequences are obtained from CH3, with an estimated 3.8
rem (38 mSv) to the noninvolved worker (100 m [328 ft]) (4% of 100 rem [1 Sv] on-site guideline),
and 440 mrem (4.4 mSv) to the MEI at the exclusive use area (2% of 25 rem [250 mSv] off-site
guideline). It should be noted that: (1) the MEI unmitigated consequences for scenarios with a
frequency greater than 1E-06/yr (CH2, CH3, CH4, and CHY), are also well within the value of
500 mrem (5 mSv) temporary annual dose limit for normal operations derived from DOE Order
5400.5, and (2) the noninvolved worker unmitigated consequences are within the 5 rem (50 mSv)
annual dose limit for workers for normal operations. The unmitigated release frequency for the worst-
case consequences is as derived from the event tree (Appendix D) for the associated scenario, and
includes: (a) the likelihood of the initiating event, (b) the conditional likelihood of waste container
damage/failure as derived from test data, and (c) the conditional likelihood of the worst-case CI from
Table A-5 of Appendix A.
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Additionally, the accident analysis evaluation of the unmitigated consequences at 100 m confirms the
WIPP facility hazard categorization classification as a Hazard Category 2 facility. The calculated
100 m (noninvolved worker) consequences for CH2, CH3, and CH9 exceed the 1 rem criteria
established in DOE-STD-1027-92 as the basis for the Category 2 threshold values.

The worst-case consequences to the immediate worker from CH3 are estimated to be 32 rem (320
mSv). No current risk evaluation guidelines exist for the assessment of accident consequences to
immediate workers. Therefore, in the absence of guidelines, and for conservatism, the on-site
radiological guidelines were used as a reference point for the assessment of consequences to immediate
workers and the evaluation of the adequacy of the WIPP defense-in-depth features. The consequences
to the immediate worker from CH3 are also well within the on-site risk evaluation guidelines.
Therefore, no specific additional worker protection engineering or administrative controls (such as
respiratory protection, more stringent maximum waste container inventory, or additional WAC controls
such as immobilization), beyond those already qualitatively identified as providing defense-in-depth for
the immediate worker, are needed based on the quantitative consequence assessment results.

For scenarios with a frequency less than 1E-06/yr (CH1, CHS, CH7, and CH11), the calculated
unmitigated accident consequences to the noninvolved worker, and MEI were also found to be below
the selected accident risk evaluation guidelines. The worst-case noninvolved worker and MEI
consequences are obtained from CHS5, with an estimated 60 rem (600 mSv) to the noninvolved worker
(100 m [328 ft]) (60% of 100 rem [1 Sv] on-site guideline) and 9 rem (90 mSv) to the MEI at the
exclusive use area (36% of 25 rem [250 mSv] off-site guideline). Risk evaluation guidelines are not
identified for events with frequency < 1E-06/yr, however, the 25 rem (250 mSv) risk evaluation
guideline for the extremely unlikely range (25 rem siting criteria in DOE Order 6430.1A) is used for
evaluating the risk associated with these scenarios. It should be noted that the MEI (exclusive use
area) unmitigated consequences for all accidents analyzed, regardless of frequency, were found to be
well below 25 rem (250 mSv) risk evaluation guideline.

The worst-case calculated dose to an immediate worker is from CHS5 with an estimated 500 rem (5 Sv).
Although the immediate worker dose for CHS exceeds the on-site risk evaluation guidelines for the
extremely unlikely range, no specific additional worker protection engineering or administrative
controls are identified. The risk associated with this potential exposure is deemed acceptable for the
following reasons:

® The conservatism in the risk evaluation guidelines as discussed in Section 5.2.2, as well as the
application of the on-site guidelines to the immediate worker,

® (Consistent with Section 1.3.1 (9), Protection of Immediate Workers From Accidents, the very low
frequency of this scenario is primarily due to the design changes and identification of
administrative controls which significantly enhance the system safety and reliability. As identified
in EEG-59,* the performance of preoperational tests are of paramount importance to system
reliability (for the waste hoist, as well as other WIPP SSCs), and as such, is a primary element of
the first layer of WIPP defense in depth. Section 8.3.4 discusses the elements of preoperational
checks as required by the conduct of operations program, and a TSR AC is derived in Chapter 6
for inclusion in the WIPP Technical Safety Requirements,

® The conservatism inherent in all of the accident analysis source term variables used to estimate the
above consequences,

® The existing elements for protection of the worker discussed in detail in Section 5.1.7.
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1.3.2.2.4 Comparison to Standards of 40 CFR 61 and 40 CFR 191

As required by Working Agreement for Consultation and Cooperation,’ signed by the U.S. DOE and
the State of New Mexico, July 1981, this SAR will document DOE’s ability to comply with the
provisions of 40 CFR 191, Subpart A.*® Paragraph 191.03(b) of 40 CFR 191 Subpart A specifies that
the combined annual dose equivalent to any member of the public in the general environment resulting
from the discharge of radioactive material and direct radiation from the management and storage of
TRU waste shall not exceed 25 millirems (0.25 mSv) to the whole body and 75 millirems (0.75 mSv)
to any critical organ. In addition, paragraph 61.92 of 40 CFR 61 Subpart H* specifies that emissions
of radionuclides to the ambient air from DOE facilities shall not exceed those amounts that would cause
any member of the public to receive in any year an effective dose equivalent of 10 mrem/yr (0.10
mSv/yr).

WIPP normal operations do not involve or entail any planned or expected releases of airborne
radioactive materials to the workplace or the environment. Waste containers accepted for disposal at
the WIPP are required to meet the 10 CFR 835 external contamination limits. To insure compliance,
the containers are surveyed both prior to release from the generator sites and as the TRUPACT-II
containers are opened at the WIPP. Since radioactive material remains in the waste containers unless
an accident occurs, there will be no emissions of radionuclides to the ambient air during normal WIPP
waste handling, and the public will not be subjected to direct radiation. Therefore, the public is
expected to receive a negligible dose during normal operations. As a result of the above arguments, it
may be concluded that the WIPP will be operated in compliance with the release standards of 40 CFR
191 Subpart A> and 40 CFR 61 Subpart H.*® Effluent sampling will be conducted to demonstrate
compliance with the annual release limits in those standards.

As shown in this SAR for WIPP, only accidents have the capability of producing a dose to the public.
For accidents, 40 CFR 191, Subpart A does not require demonstration of compliance with the release
standards. However, the following discussion provides a comparison of the calculated dose
consequences to the release standards. As the provisions of 40 CFR 191 Part A guidance impose no
restrictions on systems that may be considered in the evaluation of dose to the public, comparison of
the WIPP accident analysis results to the standards in paragraph 191.03(b) include the availability and
effectiveness mitigation systems that are expected to be in operation should an accident occur. As
shown in the accident analysis, these systems are not required in order to meet the safety criteria
established by DOE Orders. However, the plant design and operating procedures do provide them for
defense in depth and additional assurance that releases that might result from accidents will be as low
as reasonably achievable. As shown in Appendix E, based on a decontamination factor of 1E-06
provided by the waste handling building and underground HEPA filtration systems, the worst-case
mitigated accident doses to the maximally exposed individual for all accidents analyzed,
regardless of occurrence frequency, will be much less than the annual release limits imposed by
40 CFR 191 Subpart A and 40 CFR 61, Subpart H.
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1.3.2.2.5 Evaluation of the Design Basis

The accident analyses indicate that safety (safety-class or safety-significant) SSCs are not required for
the WIPP to mitigate any MEI or noninvolved worker accident radiological and nonradiological
consequence to below risk evaluation guideline levels.

Secondary confinement is required to remain functional (following DBAs) to the extent that the
guidelines in DOE Order O 420.1," Section 4.1.1.2, Design Requirements, are not violated. The risk
evaluation guidelines developed in this safety analysis report were used in the absence of definitive
criteria in DOE Order 6430.1A% and DOE safety analysis orders or guidance documents for evaluation
of secondary confinement. As stated above, the MEI (exclusive use area) and noninvolved worker
unmitigated consequences were found to be well below the selected risk evaluation guidelines,
including accidents whose frequency is < 1E-06/yr, and as such, secondary confinement is not
required. However, existing Design Class II and IIIA secondary confinement SSCs, while not required
to mitigate the consequences of an accident from exceeding the risk evaluation guidelines, support the
second layer of the WIPP defense-in-depth philosophy. A TSR AC is derived in Chapter 6 to ensure
that these secondary confinement defense-in-depth SSCs are operating as required for each WIPP mode
of operation as specified in Table 6-2.

As discussed in the accident scenarios in Section 5.2.3, there is no credible physical mechanism by
which the operational accidents analyzed in the WHB or the underground will also disable the
respective ventilation or HEPA filtration systems. No releases are postulated requiring ventilation or
HEPA filtration for the DBE and DBT scenarios. If waste container breach occurs in the WHB during
a credible operational accident (CH2, CH3, CH4), the release to the outside environment is mitigated
by the permanently installed continuously on-line two-stage HEPA filter. For credible accident
scenarios in the underground (CH9), shift of the underground ventilation system may occur manually
(it is assumed that the CMR operator will be notified or be aware of the accident and actuate the shift
to filtration), or automatically.

With regard to DBE and DBT scenarios, no release scenarios are expected to be initiated during the
DBE or DBT, primarily due to the DBE/DBT design of the WHB structure including tornado doors
and specific waste handling equipment such as the WHB 6-ton bridge crane and waste hoist. As such,
the WHB ventilation and filtration systems are not required to mitigate the consequences of the DBE or
DBT scenarios.

Based on criteria in Chapter 3, Section 3.1.3.2, the factors that lead to designation of a component as
Safety Significant are:

e SSCs whose preventive or mitigative function is necessary to keep hazardous material exposure to
the noninvolved worker below on-site risk evaluation guidelines,

* SSCs that prevent acute worker fatality or serious injury from hazardous material release that is
outside the protection of standard industrial practice, OSHA regulation, or mine safety regulation
(MSHA) (e.g. potentially explosive waste containers).

As concluded from the WIPP SAR Section 5.2, Accident Analysis, none of the analyzed scenarios
(note: all scenarios are analyzed without regard for occurrence frequency) resulted in noninvolved
worker consequences exceeding the on-site risk evaluation guidelines. Therefore, there are no SSCs
that are considered Safety Significant due to the need to prevent or mitigate noninvolved worker
consequence.
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The HAZOP identified two potential scenarios related to WIPP waste handling operations, that could
result in worker fatality: (1) potentially explosive waste containers, and (2) waste hoist failure while
transporting personnel. With regard to explosive waste containers, SAR Section 5.2.3.1 evaluates such
scenarios as beyond extremely unlikely. These events are effectively controlled through rigorous
application of the preventive function provided by the WAC administrative control, and as such,
preventive or mitigative SSCs are not evaluated or required.

With regard to the waste hoist failure scenario, the consequences involving waste hoist failure while
transporting waste containers were evaluated in SAR Chapter 5. Based on the analysis, Safety SSCs
are not applicable for that scenario. Personnel and waste containers will not be transported
simultaneously. Failure of the waste hoist while transporting personnel does not constitute a process
related accident involving radioactive materials and as such is considered a standard industrial hazard
associated with standard mining operations. Hoisting operations are required to comply with the
requirements of 30 CFR 57 and the New Mexico Safety Code for all Mines. As such, Safety
Significant SSCs are not designated for failure of the waste hoist while transporting personnel.

Specific SSCs that fulfill a defense-in-depth safety function are: (1) the waste handling equipment such
as the WHB 6-ton TRUDOCK bridge crane, adjustable center of gravity lift fixture (ACGLF), electric
forklifts, facility pallets (including tie-downs and stretch wrap), waste-hoist, underground transporter,
the Loron/BRUDI attachments, and (2) WIPP confinement SSCs including waste containers, Waste
Handling Building (WHB) and underground structure, and WHB and underground HVAC and
filtration systems. With regard to waste handling equipment, in each instance their reliability and
functionality are important to the prevention of damage to the waste containers (first layer of defense in
depth). As such, their designation as defense-in-depth SSCs ensures that they are designed,
maintained, and operated to prevent failure resulting in an accident. WIPP confinement SSCs (WHB
and underground HVAC and filtration systems, and WHB and underground structure) support the
second layer of defense in depth. All other WIPP SSCs are considered as balance of plant.

Table 1.3-8 provides a summary of: (1) the preventive and mitigative defense-in-depth safety functions
for each accident analyzed quantitatively in Chapter 5 of the SAR, and (2) the safety features that fulfill
those safety functions, and whether they are fulfilled by preventive and mitigative SSCs or
administrative controls.

DOE-STD-3009-94, requires that for Safety (Safety Class or Safety Significant) SSCs, a SAR define
the SSC safety function and functional requirements, performance requirements (system evaluation),
and controls (TSRs). Since Safety SSCs are not defined for WIPP, these requirements are not
applicable to the WIPP SAR.

Specific WIPP SSCs are classified as Defense-in-Depth SSCs, based on the above functional
classification results. Rather than the WIPP SAR specify functional requirements and performance
criteria for those defense-in-depth SSCs, the applicable System Design Descriptions (SDDs) describe
their intended safety functions, and specify the requirements for design, operation, maintenance,
testing, and calibration.

As discussed in detail in SAR Chapter 6, based on application of the criteria in DOE Order 5480.22
for the selection of safety and operational limits, and the fact that Safety Class and Safety Significant
SSCs are not selected for WIPP, TSR Safety Limits (SLs), Limiting Conditions for Operation (LCOs),
and Surveillance Requirements are not required. TSR ACs assigned for features discussed above that
play a role in supporting the WIPP defense-in-depth approach are derived in SAR Chapter 6. Table
6-1 provides a summary of defense-in-depth safety features, applicable TSR controls, and
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implementing WIPP documents.

Based on the fact that TSR Operational Limits and Surveillance Requirements are not defined for
WIPP, operability definitions for Defense-in-Depth SSCs are not required in the SAR. SSCs are
required in the TSR to be operated as required during each facility mode as described in Table 6-2, to
support the overall WIPP defense-in-depth strategy.

It is therefore concluded from the hazards and accident analyses in this SAR that the design basis of the
WIPP CH TRU waste handling system is adequate in response to postulated range of CH TRU normal
operations and accident conditions for the facility.

1.3.2.2.6 Evaluation of Human Factors

A systematic inquiry of the importance to safety of reliable, correct, and effective human-machine
interactions, considering the mission of the WIPP facility and the physical nature of the radioactive
wastes that it will receive was conducted. The specific human errors that can contribute to accidental
releases of hazardous materials were evaluated as an integral part of each hypothesized accident.
Based on the analysis of those accidents and the discussion below, it can be concluded that the WIPP
waste acceptance criteria for transuranic wastes, facility design, and operational controls provide high
confidence that all potential releases can be contained with passive safety features that eliminate the
need for human actions requiring sophisticated human-machine interfaces.

To provide additional support for the conclusion that no detailed human factor evaluation of human-
machine interfaces is required, a scoping assessment of the effectiveness of the human-machine
interfaces that support important design functions of the Table 4.1-1 Design Class II and IIIA systems
was performed. It can be seen that most of the Design Class II and IIIA WIPP systems and equipment
do not require human actions to initiate or sustain their function relative to the release of radiological or
nonradiological waste materials. In most cases these functions are accomplished with automatic
passive mechanisms designed to provide containment for the waste materials.

Functions allocated to automatic passive mechanisms or automatic active systems may be influenced by
human error during maintenance. However, using the graded approach, human-machine interfaces for
maintenance activities at WIPP are judged to be adequate because they are deliberate, and there is
ample opportunity to discover errors and correct them with no adverse safety consequences.

The ability of the staff to accomplish their responsibilities in potential accident environments was
evaluated. The limited magnitude of the hazard and the lack of dispersal driving forces provide very
high confidence that the staffing and training presented in those sections will enable the staff to perform
their responsibilities in potential accident environments.

The magnitude of hazardous materials that can be involved in an accident leading to a release is very
limited. The radioactive material is delivered to the site in closed containers, and the waste handling
operations are designed to maintain that integrity throughout the entire process required to safely
emplace those containers in the site's underground waste disposal rooms. Inventory limits on
individual containers ensure that heat generated by radioactive decay can be easily dissipated by
passive mechanisms. Finally, only a limited number of waste containers have the possibility of being
breached as a result of any one accident initiating event. As a result, the consequences of unmitigated
releases from all accidents hypothesized in Chapter 5, including those initiated by human error, do not
exceed the risk evaluation guidelines.
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The facility has no complex system requirements to maintain an acceptable level of risk. The facility is
designed to minimize the presence and impact of other energy sources that could provide the heat or
driving force to disperse hazardous materials. When something unusual happens during normal
operations, such as support systems becoming unavailable, waste handling can be simply stopped
and personnel evacuated until an acceptable operating condition is reestablished.

Should an initiating event occur that breaches the waste containers, the plant design permits the
immediate cessation of activity and isolation of the area where the breach occurs. Once isolation
is achieved, there is no driving force within the waste or waste handling area that could result in
a release of the waste material. Consequently, sufficient time is available to thoroughly plan and
prepare for the remediation process prior to initiating decontamination and recovery actions.

Human factors considered in this SAR are limited to that time necessary to properly emplace the
transuranic waste designated for disposal at WIPP. The operations will be straightforward,
proceduralized, and consistent. Moreover, they will continue for only the period of time needed to
complete the disposal process. Once a panel is filled and closed off, the natural properties of the salt
and the location of the mine combine to provide passive isolation of the waste from the environment.
The potential for human intrusion after the facility closure is beyond the scope of the human factors
evaluation considered here.

1.3.2.2.7 Defense in Depth

In spite of the foregoing favorable safety characteristics of the WIPP, a defense-in-depth safety
philosophy is employed in establishing the safety commitments and objectives of the WIPP.

The WIPP defense-in-depth safety approach provides layers of defense against release of radiological
and nonradiological hazardous materials to the environment. The WIPP approach provides three layers
of defense against releases. Each successive layer provides an additional measure of the combined
defense strategy. These layers are defined as follows:

1) The ultimate safety objective of the first, or primary layer of WIPP defense in depth is accident
prevention. The reduction of risk (as the product of frequency and consequence) to both workers
and the public from WIPP CH TRU waste handling and emplacement operations is primarily
achieved by reducing the frequency of occurrence of postulated abnormal events or accidents. The
conservative design of the facility's SSCs, with operations conducted by trained/qualified personnel
to the standards set forth in approved procedures, provides the first layer.

The occurrence frequency for each postulated deviation as identified in the HAZOP, and in Table
1.3-3 for each deviation considered for quantitative accident analysis is primarily derived from
process inherent events, equipment failure and human error. To reduce the frequency of
equipment failure, the facility design, fabrication, and construction were undertaken in accordance
with applicable codes and standards, based on the design classification of SSCs established in
Chapter 4. Extensive pre-operational tests were conducted to verify SSCs perform their design
function. This is followed up presently by in-service and pre-operational checks and inspections,
and preventive maintenance and quality assurance programs. The WIPP employs configuration
management change control and modification retest to ensure quality throughout facility life. For
hazards associated with underground operations, a substantial array of ground control planning and
practices, support systems, instrumentation, monitoring, and evaluation exist to reduce the
frequency of potential underground accidents. Technical Safety Requirement (TSR) Administrative
Controls (ACs) are assigned in Chapter 6 and required in the WIPP TSR Document (Attachment 1
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2)

3)

to the SAR) to ensure that the high level of design is maintained throughout the facility lifetime.

Additionally, as identified in the HAZOP, accident prevention for process inherent events such as
spontaneous ignition, is achieved administratively through the WAC (as discussed in detail in
Section 5.1.2.2) which restricts waste elements (such as the presence of pyrophorics) which may
be initiating events for accidents. In addition, the following provide administrative controls to
prevent the risk from postulated accidents from being unacceptable: (1) WAC limits on the
radionuclide and fissile content of each waste container, (2) waste container integrity provisions
ensure the robustness reflected in the waste container accident release analyses, and (3) criticality
safety is a designed in-storage and handling configuration that ensures (in conjunction with waste
characteristics ) that active criticality control is not required.

Prevention of human error as an initiating event is achieved by the extensive training and
qualification programs, operational procedures, and conduct of operations programs. TSR ACs
are derived in Chapter 6 and required in the WIPP TSR Document (Attachment 1 to the SAR) to
ensure that these programs are maintained, and operations continue to be conducted with highly
qualified and trained personnel using current approved procedures.

The second layer of defense in depth provides protection against anticipated and unlikely
operational events that might occur in spite of the protection afforded by the first layer of defense.
The second defense layer is characterized by detection and protection systems, and controls that:
(1) indicate component, system, or process performance degradation created by compromises of
the first layer, and (2) provide adequate mitigation and accommodation of the consequences of
those operational accidents which may occur.

Specific mitigative features are identified in Appendix C for each postulated deviation as identified
in the HAZOP, and in Table 1.3-3 for each deviation considered for quantitative accident analysis.
In general, the WHB and underground radiation monitoring systems and HEPA filtration systems,
and the WIPP emergency management program provide this layer of defense in depth. In addition,
the WIPP Human Factors Evaluation, determined that well established policies and procedures are
in place ensuring normal and emergency procedures are implemented, adequate directions have
been provided to shift personnel concerning actions to be taken in a potential accident environment,
and adequate procedures are available for follow up response. TSR ACs are assigned in Chapter 6
and required in the WIPP TSR Document (Attachment 1 to the SAR) supporting the second level of
defense in depth. Programs supporting defense in depth as required by the TSRs, are discussed in
detail in Chapters 7, 8, and 9.

The third layer of defense in depth supplements the first two layers by providing protection against
extremely unlikely operational, natural phenomenon, and external events. These events represent
extreme cases of failures and are analyzed in Chapter 5 using conservative assumptions and
calculations to assess the radiological and nonradiological effects of such accidents on the public to
verify that a conservative design bases have been established. These accidents include sustained
waste container internal fire, waste hoist failure, and roof fall in the underground.

TSR ACs assigned for features discussed above that are of major significance to the WIPP
defense-in-depth approach are derived in Chapter 6.
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1.3.2.3 Analysis of Beyond the Design Basis
1.3.2.3.1 Operational Events

An evaluation of operational accidents beyond “the derivative design basis accident (BDBA) is
conducted to provide perspective of the residual risk associated with the operation of the facility. As
discussed in DOE-STD-3009-94, beyond DBAs are simply those accidents with more severe conditions
or equipment failure. The operational scenarios analyzed in this section as ‘beyond the design basis »
take into consideration the effect of the WIPP Waste Acceptance Criteria Pu-239 Equivalent Activity,
and Thermal Power Criteria on the assumed accident scenario material at risk (MAR) and accident
consequences of the most credible accident sequences. Based on the analyses in Section 5.2.3, the
operational accident scenarios involving potential consequences to the noninvolved worker, MEI, and
immediate worker, whose frequency is greater than 1E-06/yr are: (1) CH2, Crane Failure in the Waste
Handling Building (WHB), (2) CH3, Puncture of Waste Containers in the Waste Handling Building,
(3) CH4, Drum Drop in WHB, and (4) CH9, Drum Drop in the Underground.

The source term MAR developed in Section 5.2.3 is based on the waste container inventory derived in
Section 5.1.2.1.2. The analyses assumed that based on the data in Appendix A, that: (1) one waste
container contains a maximum radionuclide inventory, and (2) the remaining waste containers contain
an average radionuclide inventory of 8 PE-Ci (Table A-1 lowest bin upper cutoff). The 8 PE-Ci
average bounds 86 percent of the volume for all waste forms, including the predominant
heterogeneous, uncategorized metal, and combustible waste forms, and bounds over 96 percent of the
volume of uncategorized metals, chosen in Section 5.2.1.1 as the waste form for waste container
breach/impact analyses. For accident scenarios which involve single waste containers, it was
conservatively assumed that the waste container contains a maximum radionuclide inventory.

As discussed in Section 5.1.2.1.2, the WIPP WAC Thermal Power TRUPACT-II requirements, limit
the decay heat from all CH-TRU waste to 40 watts per TRUPACT-II. Using the Pu-238 «heat source»
distribution in Table A-4 of Appendix A, calculations indicate that the maximum total PE-Ci for a
shipment of Pu-238 waste is approximately 1,117 PE-Ci. The analyses of beyond the design basis
considers the effect, and thus the residual risk, on the accident consequences evaluated for CH2, CH3,
CH4, and CH9 of a hypothetical TRUPACT-II shipment of untreated (not solidified or vitrified) Pu-
238 waste with each drum at 80 PE-Ci. Receipt of fourteen drums each at 80 PE-Ci is plausible,
considering the above thermal wattage limit PE-Ci equivalent of 1,117 PE-Ci (14 drums x 80 PE-Ci
approximately equals 1,117 PE-Ci ). However, based on the data presented in Table A-5 of Appendix
A, as a result of the conditional likelihood of receiving such a shipment, the on-site and off-site risk
evaluation guidelines for the extremely unlikely range are used for the consequence evaluation.

As shown in Appendix E Tables E-13, E-14, E-23, E-24, E-29, E-30, E-43, and E-44, the analysis of
CH2, CH3, CH4, and CH9 with each damaged drum at 80 PE-Ci, indicates that the highest immediate
worker consequences are obtained from CH3 and CH9. The radiological consequences of CH3 are
discussed here assuming that each drum involved in the scenario is at 80 PE-Ci. The same
assumptions regarding waste form combustible and noncombustible composition, damage ratio,
airborne release fraction, and respirable fraction are assumed. Substitution of these values into the
consequence calculations for CH3, indicate doses of approximately 12 rem (120 mSv) to the
noninvolved worker (12% of the 100 rem (1 Sv) on-site risk evaluation guideline for the extremely
unlikely range ), and 1.4 rem (14 mSv) (6% of 25 rem (250 mSv) off-site risk evaluation guideline for
the extremely unlikely range) to the MEI. The noninvolved worker and MEI doses therefore remain
well within the risk evaluation guidelines. The estimated dose to an immediate worker for the CH3
beyond design basis scenario approaches (70 rem [700 mSv]), but does not exceed the on-site risk
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evaluation guideline of 100 rem (1.0 Sv) for the extremely unlikely range (Table E-62).

Thus, no significant risk is incurred to the immediate worker, noninvolved worker, or MEI considering
the beyond design basis most credible operational accident scenarios above involving a maximally
loaded TRUPACT-II shipment of untreated Pu-238 heat source waste, with each drum at 80 PE-Ci.

1.3.2.3.2 Natural Phenomenon

As discussed in Section 3.4.3 of DOE-STD-3009, natural phenomenon beyond design basis accidents
are defined by a frequency of occurrence less than that assumed for the DBA. Since the DBT is
defined with a 10° yr return period, and the DBE as a 10° yr return period, the most credible beyond
DBA natural phenomenon event is an earthquake with a vertical ground acceleration of greater than
0.1 g (considered extremely unlikely).

For the evaluation of beyond the design basis earthquake, DBE SSCs: (1) the WHB structure, and (2)
WHB 6-ton bridge crane, are assumed to fail resulting in a release of radioactive material. It is
assumed that the bridge crane fails while removing a load from a TRUPACT II (CH2). The WHB
structure is also assumed to fail resulting in some damage to the seven facility pallets (196 drums or 28
SWBs) of waste that may be stored in the CH Bay for a period of up to 5 days awaiting transfer to the
underground. It is conservatively assumed that one-half of the drums in storage are breached by the
falling WHB structure debris, with an DR equivalent to that from the heights associated with drops
from the third layer of the waste stack (DR=0.025). This equivalent to 14 times the consequences of
the CH2 accident (0.31 rem [3.1 mSv]) or 4.3 rem (43 mSv) to the MEI.

Combining this with the MEI consequences of CH2 (0.3 rem [3 mSv]), the total MEI (exclusive use
area) consequence from the postulated beyond DBE is 4.6 rem (460 mSv) (20% of 25 rem [250 mSv]
off-site risk evaluation guideline for the extremely unlikely range). The combined consequences to the
noninvolved worker are 41 rem (410 mSv) (41% of the 100 rem [1.0 Sv] on-site guideline).
Therefore, the radiological risk associated with a greater than 0.1 g earthquake is considered
acceptable.

1.3.2.4 Assessment of WIPP Waste Acceptance Criteria (WAC)
1.3.2.4.1 WAC Pu-239 Equivalent Activity Operations and Safety Requirement

Based on the beyond design basis accident analysis results in Section 5.2.4.2 (using conservative
assumptions, and in conjunction with elimination of the WAC Revision 4.0,% Immobilization Criteria),
the estimated radiological consequences for CH3, Puncture in the Waste Handling Building, to the
immediate worker, approach the on-site accident risk evaluation guidelines. Therefore, the 80 PE-Ci
for drums and 130 PE-Ci for SWBs derived in Section 5.1.2.1.2, are established as the WAC!! Pu-239
Equivalent Activity Operations and Safety maximum allowable waste container radionuclide inventories
for untreated CH TRU waste. The establishment of the 80 and 130 PE-Ci values, provides an defense-
in-depth based approach to ensure that the estimated immediate worker accident consequences from
untreated CH TRU waste remain acceptable.

Waste containers exceeding these values must be overpacked or treated (solidified, or vitrified) prior to
acceptance at WIPP. Such a defense-in-depth approach, focuses on the prevention of potential higher
dose consequences to the immediate worker from high PE-Ci untreated waste containers by reducing:
(1) the conditional likelihood of waste container breach, and the damage ratio (DR) term of the source
term equation (Equation 5-1) for overpacked containers (drums overpacked in SWBs or ten-drum

1 . 3'24 December 7, 1999



WIPP SAR DOE/WIPP-95-2065 REV. 4 CHAPTER 1

overpacks), and (2) the combined airborne release fraction (ARF) and respirable fraction (RF) for
solidified or vitrified waste containers. The CH1 and CH?7 sustained internal waste container fire
scenarios were evaluated in Section 5.2.3 to be beyond extremely unlikely. Therefore, for the
evaluation of solidification, vitrification, and overpacking options, these scenarios are not evaluated.

The WIPP WAC Thermal Power TRUPACT-II requirements, limit the decay heat from all CH-TRU
waste to 40 watts per TRUPACT-II. Using the Pu-238 leat source “distribution in Table A-4 of
Appendix A, calculations indicate that the maximum total PE-Ci for a TRUPACT-II shipment of Pu-
238 waste is approximately 1,117 PE-Ci.

The acceptability of the WAC Pu-239 Equivalent Activity Operations and Safety maximum allowable
waste container radionuclide inventory of 1,100 PE-Ci for overpacked and 1,800 PE-Ci for solidified/
vitrified waste, established in Section 5.1.2.1.2 is verified by evaluating the most credible worst-case
accident scenarios involving the largest potential consequences for each scenario of interest to the
noninvolved worker, MEI, and immediate worker.

However, the consequences of accident scenarios CH2 and CH3 are evaluated in Appendix E (Tables
E-9, E-10, E-11, E-12, E-19, E-20, E-21, E-22, E-57, E-58, E-59, and E-60) assuming that the
accidents involve highly loaded (1,100 PE-Ci) overpacked (untreated waste within a 55-gallon (208 L)
drum overpacked within a SWB or TDOP), and (1,800 PE-Ci) solidified/vitrified waste containers.
The consequences of CH2 and CH3 for solidified/vitrified waste, are discussed here due to the
differences in breaching mechanisms, and the release fractions identified in Section 5.2.1.1. It is
conservatively assumed that seven solidified waste containers are breached as a result of crane failure
(CH2), and two are breached as a result of puncture (CH3), with one drum in each scenario at 1,800
PE-Ci. As discussed in Section 5.2.1.1, the damage ratio for CH2 scenario is conservatively assumed
to be the same as for untreated waste (DR = 1E-02), and for CH3, DR = 0.01. The ARF x RF for
solids that undergo brittle fracture (e.g. aggregate, glass) due to crush-impact forces is given by
Equation 5-1 of DOE-HDBK-3010-94.*° Applying this equation for solidified waste forms to the drop
of waste container from heights equal to or less than 3 meters (5 ft< h < 10 ft), the calculated ARF x
RF = 1.64E-05.

Comparing this factor with that obtained for contaminated noncombustible materials which are
subjected to impact and breach of the waste container for solids that do not undergo brittle fracture
(Section 5.2.1.1), solidification offers a two order magnitude reduction in respirable airborne
radioactive material for the bounding scenarios analyzed in this SAR.

Substitution of these values into the consequence calculations for CH2 and CH3 (Tables E-9, E-11, E-
19, E-21, E-57, and E-59), indicate worst-case consequences to the immediate worker for CH3, and
are thus summarized here. The doses to the immediate worker (2.1 rem [21 mSv]), noninvolved
worker (0.25 rem [2.5 mSv]), and MEI (0.03 rem [0.3 mSv]), are well within the risk evaluation
guidelines (for the extremely unlikely range) despite the higher PE-Ci loading. Based on the data
presented in Table A-5 of Appendix A, as a result of the conditional likelihood of receiving such a
shipment, the risk evaluation guidelines for the extremely unlikely range are used for the consequence
evaluation. Therefore, although a higher PE-Ci limit is allowed, the effects of vitrifying, or solidifying
waste containers results in a significant reduction in the release of respirable airborne radioactivity and
thus risk to the receptors of concern.

To determine the acceptability of overpacking a drum of untreated waste within a SWB or TDOP, the
radiological consequences of CH2 and CH3 are again evaluated assuming that multiple drums are
breached, one in each scenario at 1,100 PE-Ci (Tables E-10, E-12, E-20, E-22 E-58, and E-60). As
discussed in Section 5.2.1.1, the DR for overpacked noncombustible solids (drum within a SWB or
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TDOP) for drops less than 10 ft (3 m) is 2.5E-04, and the DR for punctures of heavy waste containers
(overpacked noncombustible solids, drum within a SWB or TDOP) is 1E-02. CH3 therefore results in
a worst-case source term and as such, the consequences of CH3 are analyzed here. The ARF and RF
for noncombustible solids are 1E-03 and 1.0 respectively. Substitution of these values into the
consequence calculations for CH3, indicate doses of approximately 9 rem (90 mSv) to the noninvolved
worker, 1 rem (10 mSv) to the MEI, and 77 rem (770 mSv) to the immediate worker. The MEI,
noninvolved worker, and immediate worker doses therefore remain well within the risk evaluation
guidelines (for the extremely unlikely range). Based on the data presented in Table A-5 of Appendix
A, as a result of the conditional likelihood of receiving such a shipment, the risk evaluation guidelines
for the extremely unlikely range are used for the consequence evaluation.

The WAC Pu-239 Equivalent Activity Operations and Safety limits defined above, when analyzed in
conjunction with conservative safety analysis assumptions, and existing stored waste information: (1)
provides a reasonable degree of assurance that the safety envelop of the facility has been defined, and
(2) ensures that the risk to immediate workers, noninvolved workers, and the MEI remain well within
the risk evaluation guidelines.

1.3.2.4.2 WAC Revision 4.0 Immobilization Criteria

Section 3.3.1.6 of WAC Rev.4% stated that immobilization will minimize the quantity of radioactive
material that is available for dispersion or inhalation in event of the failure of a waste package.

The types of accidents of SAR concern involve contaminated combustible and non-combustible material
packaged in robust containers (drums and standard waste boxes), that are opened and/or fail due to
drops and/or punctures. The release fractions for drops and/or punctures of drums used in the SAR
analyses for the case of surface contamination on solid, noncombustible surfaces are obtained from
DOE-HDBK-3010-94.% Section 5.1, page 5-4 of DOE-HDBK-3010-94 states, “the airborne release
fractions and respirable fractions for these types of accidents are based on reasoned judgement that
suspension under these circumstances will be bounded by suspension postulated for debris impacting
powders in cans.”

Therefore, in conjunction with the use of conservative waste container radionuclide inventories and
damage ratios for heterogeneous or uncategorized metals, conservatism is provided in the calculation of
potential radiological consequences from untreated CH TRU waste to the MEI, noninvolved worker,
and immediate worker. The estimated consequences were found to be within the on-site and off-site
accident risk evaluation guidelines for all receptors of concern. As such, based on the accident
consequence analysis in this SAR, no additional criteria are required to immobilize untreated (not
solidified or vitrified) waste forms (up to a maximum allowable value of 80 PE-Ci for drums and 130
PE-Ci for SWBs) to minimize the quantity of radioactivity available for release.

Section 5.0 of DOE-HDBK-3010-94 discusses the difficulty in characterizing the size distribution of
deposited radionuclide contamination. The handbook states that for surface contamination of
combustible and noncombustible materials, it is not expected that defensible bases exist for assuming
an original source respirable fraction, as the WAC Rev. 4 criteria required. Therefore, (1) since the
use of 80 PE-Ci for a drum radionuclide inventory and the inherent conservatism in the derivation and
use of the bounding release fractions produce acceptable dose consequences to the worker, noninvolved
worker, and MEI, and (2) considering the difficulty in characterizing waste particle size distributions
for the waste forms identified in the BIR, the elimination of the WAC immobilization criteria for
“untreated waste” up to the values of 80 PE-Ci for drums and 130 PE-Ci for SWBs is warranted.

1 5 3'26 December 7, 1999



WIPP SAR DOE/WIPP-95-2065 REV. 4 CHAPTER 1

As discussed in the preceding discussion on maximum allowable waste container radionuclide
inventories, however, waste containers exceeding these values will be overpacked, solidified, or
vitrified (thus immobilized) as a defense-in-depth approach to limiting the consequences of potential
accidents. Immobilization is therefore based on a more readily quantifiable variable (PE-Ci) (i.e., it is
measurable and verifiable in all waste forms) than on the percentage of respirable particulates.
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Table 1.3-1, Consultation and Cooperation (WACC) Agreement/SAR Correlation 1of5
WACC Topic SAR Section

Chapter 1 - Introduction and General

Description

1.1 Location 1.1 Facility Background and Mission

1.2 Mission 1.1 Facility Background and Mission

1.3 Organization 1.4 Organizations

1.4 Facilities - both surface and 1.2.1 Facility Design

underground

1.5 Operations - including retrieval 1.2.2 Retrieval operations deleted.
Disposal-phase operations are
discussed with no intent to retrieve.

1.6 Research and Development programs Deleted - SAR only addresses disposal phase

Chapter 2 - Site Characteristics

2.1 Geography and Demography 2.1 Geography and Demography of the
Area Around the WIPP Facility.

2.2 Nearby Industrial, Transportation and 2.2 Nearby Industrial, Transportation
Military Facilities and Military Facilities

2.3 Meteorology 2.5 Meteorology

2.4 Surface Hydrology Deleted per CAO direction.

2.5 Subsurface Hydrology Deleted per CAO direction.

2.6 Regional Geology Deleted per CAO direction.

2.7 Site Geology Deleted per CAO direction.

2.8 Vibratory Ground Motion 2.8 Vibratory Ground Motion

2.9 Surface Faulting Deleted per CAO direction.

2.10  Stability of Subsurface Materials and Deleted per CAO direction.
Foundations

2.11  Slope Stability 2.5.2.5 Topography
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Table 1.3-1, Consultation and Cooperation (WACC) Agreement/SAR Correlation 20f 5

WACC Topic SAR Section

Chapter 3 - Principal Design Criteria

3.1 Definition of Mission 1.1 Facility Background and Mission
Waste Characterization 5.1.2 CH Waste Characterization
Repository Functions 3.1 General Design Criteria
Storage Capacities 3.1.1 TRU Waste Criteria
Retrievability Deleted
By-Products 3.1.2 Facility By-Products

3.2 Structural and Mechanical Design 3.2 Structural Design Criteria

3.3 Safety Protection Criteria

Confinement 3.3.1 Confinement Requirements

Handling 3.1 General Design Criteria

Emplacement 3.1 General Design Criteria

Retrieval Deleted

Fire 332 Fire Protection

Explosion 3.3.2 Fire Protection

Radiological 333 Radiological Protection

Criticality 3.3.34 Nuclear Criticality Safety

Mine Safety 3.3.4 Industrial and Mining Safety

3.4 Design Classification 3.1.3 Design Classification of Structures,
Systems, and Components
3.5 Decommissioning 3.1.4 Decontamination and

Decommissioning

Decontamination 3.1.4 Decontamination and
Decommissioning

Backfilling Deleted

Sealing 3.1.4 Decontamination and
Decommissioning

Record Maintenance 3.14 Decontamination and
Decommissioning

Site Markers 3.14 Decontamination and
Decommissioning
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Table 1.3-1, Consultation and Cooperation (WACC) Agreement/SAR Correlation 3of5

WACC Topic SAR Section

Chapter 4 - Plant Design

4.1 Location Details 4.1 Summary Description
4.2 Surface Facilities 4.2.1 Surface Facilities
Waste Building Handling 4.2.1.1 Waste Handling Building
Support Functions 4.2.1.2 Exhaust Filter Building

4.2.1.3 Water Pumphouse
4.2.14 Support Building
4.2.1.5 Support Structures

4.3 Shafts and Subsurface Facilities 4.2.2 Shaft and Hoist Facilities
423 Subsurface Facilities
Shafts 4.2.2 Shaft and Hoist Facilities
Storage 4.2.3 Subsurface Facilities
Experimental Areas 4.2.3 Subsurface Facilities
4.4 Service and Utility systems 4.3 Process Description
4.4 Confinement Systems
4.5 Safety Support Systems
4.6 Utility and Auxiliary Systems
4.7 Radioactive Waste (Radwaste) and
Hazardous Waste Management
Ventilation 4.4.1 Confinement
4.4.2 Ventilation Systems
Electrical 4.6.1 Electrical System
Fire Protection 4.5.1 Fire Protection System
Waste Water 4.6.3 Domestic Water System
4.6.4 Sewage Treatment System
4.7 Radioactive Waste (Radwaste) and
Hazardous Waste Management
Salt Handling 4.3.5 Underground Mining Operations
Radwaste 4.7 Radioactive Waste (Radwaste) and
Hazardous Waste Management
Transportation 2.2.7 Land Transportation
Alarms 4.5.2 Plant Monitoring and
Communications
Maintenance 8.3.5 Maintenance Program
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Table 1.3-1, Consultation and Cooperation (WACC) Agreement/SAR Correlation 4 of 5
WACC Topic SAR Section
Compressed Air 4.6.2 Compressed Air
Underground Fuel 4.2.3.1 General Design
4.5 Emplacement and Retrieval 4.3 Retrieval Deleted
4.6 Underground Excavation Equipment Deleted -  Standard Industrial (MSHA) Hazard
Chapter 5 - Process Description
5.1 Contact-handled (CH) waste handling 4.3.1 CH TRU Waste Handling System
5.2 Remote-handled (RH) waste handling 4.3.2 RH TRU Waste Handling System
5.3 Experimental handling Deleted - SAR only addresses disposal phase
5.4 Plant Generated Radwaste 4.7 Radioactive Waste (Radwaste) and
Hazardous Waste Management
5.5 General process
Instrumentation 4.5.2 Plant Monitoring and
Communications
Criticality Safety 5.14 Nuclear Criticality
Waste Logging 4.3.4 WIPP Waste Information System
5.6 Underground excavation 4.3.5 Underground Mining Operations
5.7 Control room 4.5.2.1 Central Monitoring System
5.8 Analytical Sampling 7.1.4.2.1 Effluent Sampling/Monitoring and
Environmental Monitoring
7.2.4 Environmental Monitoring
5.9 Retrievability of All Waste Forms Deleted
Chapter 6 - Radiation Protection
6.1 As low as reasonably achievable 7.1.2 ALARA Policy and Program
(ALARA) 7.2.3.1 ALARA Policy
6.2 Radiation Sources 7.1.3.1.3.2 Direct Radiation Sources
6.3 Radiation protection 7.1.3 Radiological Exposure Control
6.4 On-site dose assessment 7.1.4.1 On-site Dose Assessment
7.2.2.2 On-site Exposure Assessment
6.5 Radiological control program 7.1.1 Radiological Control Program and
Organization
6.6 Off-site dose assessment 7.1.4.2 Off-site Dose Assessment
7.2.2.1 Off-site Exposure Assessment
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Table 1.3-1, Consultation and Cooperation (WACC) Agreement/SAR Correlation S5of5

WACC Topic SAR Section

Chapter 7 - Accident Analysis

7.1 Accident classifications 5.2 CH TRU Accident Analysis

7.2 Source terms and analytical methods 5.2 CH TRU Accident Analysis

7.3 Accident descriptions and actual 5.2 CH TRU Accident Analysis

analyses

Chapter 8 - Long Term Waste Isolation 5.5 Long-Term Waste Isolation
Assessment Assessment

8.1 Identification of potential 5.5 Long-Term Waste Isolation
communication modes Assessment

8.2 Modeling methods 5.5 Long-Term Waste Isolation
Assessment

8.3 Consequence analyses 5.5 Long-Term Waste Isolation
Assessment

Chapter 9 - Conduct of Operations

9.1 Organizational structure 8.1.3 Organizational Structure,
Responsibilities, and Interfaces

9.2 Acceptance tests 8.3.3 Initial Test Program

9.3 Training 8.2.4 Training Program

9.4 Operating procedures 8.2.3 Procedures Program

9.5 Security Deleted

9.6 Emergencies 8.5 Emergency Preparedness Program

Chapter 10 - Operating Limits and Controls

10.1  Design limits Chapter 3

10.2  Operating limits and surveillance 6.4 Derivation of WIPP TSRs
requirements

10.3  Design features Not Required by 5480.22

10.4  Administrative controls 6.4.5 Administrative Controls

10.5  Guidelines for the operating 6.4.5 Administrative Controls
organization

Chapter 11 - Quality Assurance Chapter 9 - Quality Assurance
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Table 1.3-2, DOE Order 5480.23/SAR Correlation 1of1l
DOE Order 5480.23 Topic SAR Section
Chapter 1 - Executive Summary Chapter 1 - Executive Summary
Chapter 2 - Applicable Statutes, Rules, and Chapter 1 - Executive Summary
Departmental Orders
Chapter 3 - Site Characteristics Chapter 2 - Site Characteristics
Chapter 4 - Facility Description and Operation | Chapter 4 - Facility Design and Operation
Chapter 5 - Hazards Analysis and Chapter 5 - Hazards and Accident Analysis
Classification of the Facility
Chapter 6 - Principal Health and Safety Chapter 3 - Principal Design and Safety Criteria
Criteria
Chapter 7 - Radioactive and Hazardous Chapter 4 - Facility Design and Operation
Material Waste Management
Chapter 8 - Inadvertent Criticality Protection Chapter 5 - Hazards and Accident Analysis
Chapter 9 - Radiation Protection Chapter 7 - Radiological and Hazardous
Material Protection
Chapter 10 - Hazardous Material Protection Chapter 7 - Radiological and Hazardous
Material Protection
Chapter 11 - Analysis of Normal, Abnormal, Chapter 5 - Hazards and Accident Analysis
and Accident Conditions
Chapter 12 - Management, Organization, Chapter 8 - Institutional Programs
Institutional Safety
Chapter 13 - Procedures and Training Chapter 8 - Institutional Programs
Chapter 14 - Human factors Chapter 4 - Facility Design and Operation
Chapter 15 - Initial Testing, In service Chapter 8 - Institutional Programs
Surveillance, Maintenance
Chapter 16 - Technical Safety Requirements Chapter 6 - Derivation of Technical Safety
Requirements
Chapter 17 - Operational Safety Chapter 8 - Institutional Programs
Chapter 18 - Quality Assurance Chapter 9 - Quality Assurance
Chapter 19 - Emergency Preparedness Chapter 8 - Institutional Programs
Chapter 20 - Decontamination and Chapter 10 - Decontamination and
Decommissioning Decommissioning

1.3-35

December 7, 1999




WIPP SAR

DOE/WIPP-95-2065 REV. 4

CHAPTER 1

Table 1.3-3,

HAZOP Accident Scenario Ranking

Page 1 of 3

Accident Scenario # Node Deviation Consequence | Qualitative Qualitative Risk Prevention/Mitigation
Consequence Frequency
Ranking Ranking
(Table 5.1-6) (Table 5.1-5)
CH1 Fire/spontaneous 07 Fire in Minor 3 3 9 Prevention: Type A container, Waste container integrity, QA,
ignition TRUPACT I | TRUPACT radioactive Reinstall ICV lid, Building Construction, Stable drum history,
internal 11 materials TRUPACT II integrity, Vented drums, WAC criteria.
condition released Mitigation: Reinstall ICV lid, WHB HEPA filtration and fire
suppression systems, Emergency response plan and teams.
CH2 Crane 08 Transfer Failure of Negligible 2 3 6 Prevention: Type A container, Crane fail safe design, QA,
failure/breach of payload lifting radioactive Operator training & qualification, PM program, Procedures,
from equipment materials Stretch wrapping, WAC criteria, Hoisting & rigging practices,
TRUDOCK released two operators, pre-op checks, waste container integrity.
to facility Mitigation: Building Exhaust HEPA filtered, Emergency
pallet response plan and teams.
CH2 Crane 08 Transfer Failure to Negligible 2 3 6 Prevention: Type A container, Fail safe design, QA, Operator
failure/breach of payload secure load radioactive training & qualification, Preoperational checks on equipment,
from materials PM program, Procedures, Stretch wrapping, WAC criteria,
TRUDOCK released Hoisting & rigging practices, Two operators, Waste container
to facility integrity. Mitigation: Building Exhaust HEPA filtered,
pallet Emergency Response Plan and teams .
CH3 Fork lift 09 Transfer Fork lift Negligible 2 3 6 Prevention: Forklift design, QA, Adequate lighting, Operator
mishap/puncture facility pallet improper radioactive training & qualification, Pre-op checks, PM program,
to conveyance | engagement materials Procedures, Spotters, WAC criteria, Type A container, Drum
car of load released integrity, Waste container integrity. Mitigation: Building
Exhaust HEPA filtered, Emergency response plan and teams.
CH4 Fork lift 09 Transfer Moving Negligible 2 3 6 Prevention: Type A container, Operator training &
mishap/breach facility pallet accident radioactive qualification, PM program, Stretch wrapping, Spotters, Tie-
to conveyance materials down strapping, WAC criteria, Procedures, Pre-op checks,
car released QA, Drum integrity, Waste container integrity. Mitigation:
Building Exhaust HEPA Filtered, Emergency Response Plan
and Teams.
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Accident Scenario # Node Deviation Consequence | Qualitative Qualitative Risk Prevention/Mitigation
Consequence Frequency
Ranking Ranking
(Table 5.1-6) (Table 5.1-5)
CH4 Fork lift 09 Transfer Mislocation Negligible 2 3 6 Prevention: Type A container, QA, Air lock doors interlocked,
mishap/breach facility pallet on the radioactive Local alarms, Operator training & qualification, Restricted
to conveyance | conveyance materials access, Robust doors & walls, Stretch wrapping, Spotters,
car car released WAC criteria, Procedures, Tie-down strapping, Waste
container integrity, PM program, Pre-op checks. Mitigation:
HEPA filtration, Emergency response plan and teams.

CH4 Car/breach 10 Transfer Moving Negligible 2 3 6 Prevention: Type A container, QA, Operator training &
conveyance accident radioactive qualification, Procedures, Stretch wrapping, Spotters, Strapped
car load onto materials containers, WAC criteria, Waste container integrity, PM
the waste released program, Pre-op checks. Mitigation: HEPA filtration,
cage Emergency response plan and teams.

CH5 Hoist 11 Waste ‘Waste hoist Minor 3 1 3 Prevention: Brake testing, Cable NDT exams, Acoustics exam

failure/breach hoist drop radioactive for failed parts, Control system has elevation check

materials mechanisms, Four independent valve failures required to fail

released brakes, Brakes checked with full power, Catch gear, Cage fails
up, Maintenance procedures & program, Mine rescue
equipment, MSHA inspections, Preoperational checks,
Qualified personnel, Redundant brakes & controls, Sump under
shaft, Six hoist ropes each capable of holding load, inspections,
Training and qualification, Weekly inspections, annual vendor
inspection, visual inspection of structural steel assemblies, QA.
Mitigation: HEPA, Emergency response plan and teams.

CHO6 Seismic 15 Natural Seismic Negligible 2 1 2 Prevention: Drum integrity, DBE qualified Class II and IITA

events event radioactive SSCs, TRUPACT II integrity, WAC criteria, Type A
materials containers, QA. Mitigation: Shutdown procedure, Emergency
released response plan and teams.
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Accident Scenario # Node Deviation Consequence | Qualitative Qualitative Risk Prevention/Mitigation
Consequence Frequency
Ranking Ranking
(Table 5.1-6) (Table 5.1-5)
CH7 Spontaneous 27 Drum fire Drum fire Minor 3 3 9 Prevention: Type A container, Waste container integrity,
ignition radioactive Reinstall ICV lid, Building Construction, Stable drum history,
materials TRUPACT II integrity, Vented drums, WAC criteria.
released Mitigation: HEPA filtration, , Emergency response plan and
teams.
CHS Crash/fire/breach 16 External Aircraft Minor 3 1 3 Prevention: Flight patterns, Remote location. Mitigation:
events crashes into radioactive Emergency response plan and teams.
WHB materials
released
CH9 Fork lift 23 Life of Floor Negligible 2 3 6 Prevention: Drift inspections, Floor surveys, MSHA
mishap/breach facility distortion radioactive inspections, Forklift design, Type A containers, Procedures,
materials Training. Mitigation: Ventilation flow, Emergency response
released plan and teams, HEPA filtration.
CH10 Tornado 15 Natural Tornado Negligible 2 2 4 Prevention: CMR monitors weather conditions, DBT qualified
events radioactive Design Class II and IIIA SSCs, Drum integrity, Procedural
materials guidance for personnel protection, TRUPACT II integrity,
released WAC criteria, Type A containers. Mitigation: Emergency
response plan and teams.
CHI11 Roof fall/breach 22 Storage Roof Negligible 2 3 6 Prevention: Inspections & assessments, Ground control, Mine
room collapse radioactive instrumented and monitored, MSHA inspections, Predictive
during materials monitoring, Pre-emplacement checks, Type A containers,
emplacement | released WAC, procedures, training. Mitigation: Emergency response
plan and teams, HEPA filtration.
CHI11 Roof fall 23 Life of Roof Negligible 2 2 4 Prevention: MSHA inspections, Shift inspections, WAC
facility collapse in radioactive criteria, Instrumentation and monitoring, Ground control, Bi-
life of materials monthly visual and instrument inspections, Procedures,
facility area released Training. Mitigation: Ventilation during emplacement, HEPA

filtration, Emergency response plan and teams.

NOTE: Accidents CH5, CH6, CHS, and CH11 were retained in the safety analysis due to being an external event, a natural event, or an event of significant interest.
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Table 1.3-4, Summary of Noninvolved Worker and MEI Estimated Radiological Dose and Comparison to Guidelines Page 1 of 1
Accident | Unmitigated | On-site /Off- Type of Release Receptor Dose (CEDE-rem) Rec[eg;zrs'el/)é)ie;dz)li(;is(;x:llg(e);mes
Release site
Freq/yr > Guidelines 1.00 m Exclusive Use | Site Boundary 190 m Exclusive Use | Site Boundary
(rem) (Noninvolved |Area Boundary (Noninvolved |Area Boundary
Worker) (MEI) Worker) (MEI)
CHZ, Extremely ...
Crz.me Failure Unlikely 100/25 Drums/mitigated 2.7E-06 3.1E-07 2.1E-08 <1% <1% <1%
in WHB
Drums/unmitigated 2.7E+00 3.1E-01 2.1E-02 2.7% 1.2% <1%
SWBs/mitigated 1.1E-06 1.3E-07 8.5E-09 <1% <1% <1%
SWBs/unmitigated 1.1E+00 1.3E-01 8.5E-03 1.1% <1% <1%
Puncc:fr oin E[’J‘It;i‘:g;y 100/25 Drums/mitigated 3.8E-06 4.4E-07 3.0E-08 <1% <1% <1%
WHB
Drums/unmitigated 3.8E+00 4.4E-01 3.0E-02 3.8% 1.8% <1%
SWBs/mitigated 1.3E-06 1.6E-07 1.1E-08 <1% <1% <1%
SWBs/unmitigated 1.3E400 1.6E-01 1.1E-02 1.3% <1% <1%
Dmpcif‘;VHB E[’J‘It;i‘:g;y 100/25 Drums/mitigated 8.6E-07 1.0E-07 6.8E-09 <1% <1% <1%
Drums/unmitigated 8.6E-01 1.0E-01 6.8E-03 <1% <1% <1%
SWBs/mitigated 1.3E-07 1.6E-08 1.1E-09 <1% <1% <1%
SWBs/unmitigated 1.3E-01 1.6E-02 1.1E-03 <1% <1% <1%
CH9 Extremely
Drop in U/G Unlikely 100/25 Drums/mitigated 2.7E-06 4.4E-07 2.1E-08 <1% <1% <1%
Drums/unmitigated 2.7E+00 4.4E-01 2.1E-02 2.7% 1.8% <1%
SWBs/mitigated 1.1E-06 1.8E-07 8.4E-09 <1% <1% <1%
SWBs/unmitigated 1.1E+00 1.8E-01 8.4E-03 1.1% <1% <1%
Notes: (1) Listed accidents are those whose unmitigated frequency, as derived in Appendix D, is > 10/yr. The consequences of beyond extremely unlikely accidents may be found in the

respective accident scenario.

(2) The unmitigated release frequency is as derived from the event tree (Appendix D) for the associated scenario, and includes: (a) the likelihood of the initiating event, (b) the
conditional likelihood of waste container damage/failure as derived from test data, and (c) the conditional likelihood of the worst-case CI from Table A-5 of Appendix A.

100 rem = 1 Sv
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Table 1.3-5, Summary of Immediate Worker Estimated Radiological Dose and Comparison to Guidelines' Page 1 of 1
No-Mitigation Nonngg%gﬂn\gorker Receptor Dose | Receptor Dose
Accident Release Freq/yr? Type of Release (rem) (CEDE-rem) |% of Guidelines
CH2
Crane Failure in WHB
Extremely Unlikely Drums/no-mitigation 100 1.1E+01 11.0%
SWBs/no-mitigation 100 4.5E+00 4.5%
CH3
Puncture in WHB Extremely Unlikely Drums/no-mitigation 100 3.2E+01 32.0%
SWBs/no-mitigation 100 1.1E+01 11.0%
CH4
Drop in WHB
Extremely Unlikely Drums/no-mitigation 100 3.6E+00 3.6%
SWBs/no-mitigation 100 5.6E-01 <1.0%
CH9
Drop in U/G Extremely Unlikely Drums/no-mitigation 100 2.2E+01 22.0%
SWBs/no-mitigation 100 8.8E+00 8.8%

Notes: (1) Listed accidents are those whose no-mitigation frequency, as derived in Appendix D, is > 10%/yr. The consequences of beyond extremely unlikely accidents may
be found in the respective accident scenario.
(2) The no-mitigation release fre uenca/ is as derived from the event tree (Appendix Df) for the associated scenario, and includes: (a) the likelihood of the initiating
event, (b) the conditional likelihood of waste container damage/failure as derived from test data, and (c) the conditional likelihood of the worst-case CI from
Table A-5 of Appendix A.

1 REM = .01 Sv
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Table 1.3-6, Summary of Noninvolved Worker and MEI Nonradiological Concentrations and Comparison to Guidelines Page 1 of 2
Accident Unmitigate Type of Release Compound Concentrations (mg/m?) % of Guidelines % of Guidelines
d Release
Freq./yr' 100 m Exclusive Use On-site/Off-site 100 m Exclusive Use
(Noninvolved Area (MEI) Guidelines (Noninvolved Area (MEI)
Worker) (mg/m°) Worker)
(Table 5.2-2)
CH2
Crane Failure Unlikely Drums/unmitigated Methylene Chloride 7.3E+00 8.6E-01 21,000/870 <1.0% <1.0%
in WHB
Carbon
Tetrachloride 1.4E401 1.6E+00 1,917/63 < 1.0% 2.50%
Chloroform 7.10E-01 8.3E-02 5,000/50 < 1.0% <1.0%
1,1,2,2-
Tetrachloroethane 3.70E-01 4.34E-02 1,505/35 <1.0% <1.0%
SWBs/unmitigated Methylene Chloride 4.2E+00 4.9E-01 21,000/870 <1.0% <1.0%
Chloroform 4.1E-01 4.7E-02 5,000/50 <1.0% <1.0%
1,1,2,2- 2.12E-01 2.5E-02 1,505/35 <1.0% <1.0%
Tetrachloroethane il o ’ o =
Carbon
. 7.7E4+00 9.0E-01 1,917/63 <1.0% 1.40%
Tetrachloride
CH3
Puncture in Unlikely
WHB Drums/unmitigated Methylene Chloride 4.2E+00 4.9E-01 21,000/870 <1.0% <1.0%
Carbon
Tetrachloride 7.8E4+00 9.0E-01 1,917/63 <1.0% 1.40%
Chloroform 4.10E-01 4.7E-02 5,000/50 <1.0% <1.0%
1,1,2,2-
Tetrachloroethane 2.10E-01 2.5E-02 1,505/35 <1.0% <1.0%
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Table 1.3-6, Summary of Noninvolved Worker and MEI Nonradiological Concentrations and Comparison to Guidelines

Page 2 of 2

Accident Unmitigate Type of Release Compound Concentrations (mg/m?) % of Guidelines % of Guidelines
d Release
Freq./yr' 100 m Exclusive Use On-site/Off-site 100 m Exclusive Use
(Noninvolved Area (MEI) Guidelines (Noninvolved Area (MEI)
Worker) (mg/m°) Worker)
(Table 5.2-2)
SWBs/unmitigated Methylene Chloride 8.4E+00 9.8E-01 21,00/870 <1.0% <1.0%
Chloroform 8.1E-01 9.5E-02 5,000/50 <1.0% <1.0%
1,1,2,2-
Tetrachloroethane 4.2E-01 4.9E-02 1,505/35 <1.0% < 1.0%
Carbon
Tetrachloride 1.6E+01 1.8E+00 1.917/63 <1.0% 2.9%
CH4 Unlikely Consequences same ) ) ) ) ) )
Drop in WHB as CH3
CHY Unlikel
Drop in U/G 1kely Drums/unmitigated Methylene Chloride 7.3E+00 1.2E+00 21,000/870 <1.0% <1.0%
Chloroform 7.1E-01 1.2E-01 5,000/50 <1.0% <1.0%
1,1,2,2-
Tetrachloroethane 3.7E-01 6.1E-02 1,505/35 <1.0% <1.0%
Carbon
Tetrachloride 1.36E+01 2.2E+00 1,917/63 <1.0% 3.5%
<1.0%
SWBs/unmitigated Methylene Chloride 4.2E+00 6.9E-01 21,000/870 <1.0%
Chloroform 4.1E-01 6.7E-02 5,000/50 <1.0% <1.0%
1,1,2,2-
Tetrachloroethane 2.1E-01 3.5E-02 1,505/35 <1.0% <1.0%
Carbon
. 7.7E+00 1.3E+00 1,917/63 <1.0% 2.1%
Tetrachloride

NOTE: (1) No credit is taken for mitigation of solid, liquid chemicals or VOCs by HEPA filtration. The unmitigated release frequency is as derived from the event tree (Appendix D) for the
associated scenario, and includes: (a) the likelihood of the initiating event, and (b) the conditional likelihood of waste container damage/failure as derived from test data.
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Table 1.3-7, Summary of Immediate Worker Estimated Nonradiological Dose and Comparison to Guidelines Page 1 of 1
e Noninvolved Drum Drum SWB SWB
. No-mitigation . . % of
Accident Frea/vr Compound Worker Concentration % 0f Concentration Guideli
vy Guidelines (mg/m?) Guidelines (mg/m® uidelines
(mg/m’)
CH2 . .
Unlikely Methylene Chloride 21,000 5.49E+00 <1.0% 3.14E+00 <1.0%
Chloroform 5,000 5.30E-01 <1.0% 3.03E-01 <1.0%
Carbon Tet 1,917 1.01E+01 <1.0% 5.79E+00 <1.0%
1,1,2,2-Tetrachlor. 1,505 2.78E-01 <1.0% 1.58E-01 <1.0%
CH3 Unlikely
Puncture in WHB Methylene Chloride 21,000 3.14E+00 <1.0% 6.27E+00 <1.0%
Chloroform 5,000 3.03E-01 <1.0% 6.06E-01 <1.0%
Carbon Tet 1,917 5.79E+00 <1.0% 1.16E+01 <1.0%
1,1,2,2-Tetrachlor. 1,505 1.59E-01 <1.0% 3.16E-01 <1.0%
CH4 .
Unlikely Same as CH3 Same as CH3 Same as CH3
Unlikely .
CH9 Methylene Chloride 21,000 5.99E+01 <1.0% 3.42E+01 <1.0%
Chloroform 5,000 5.78E+00 <1.0% 3.30E+00 <1.0%
Carbon Tet 1,917 1.11E+02 5.8% 6.31E+01 3.3%
1,1,2.2-Tetrachlor. 1,505 3.03E4+00 <1.0% 1.73E+00 <1.0%

NOTE:

(1) No credit is taken for mitigation of solid, liquid chemicals or VOCs by HEPA filtration. The unmitigated release frequency is as derived from the event tree (Appendix D) for the

associated scenario, and includes: (a) the likelihood of the initiating event, and (b) the conditional likelihood of waste container damage/failure as derived from test data.
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Table 1.3-8, Summary of Defense-In-Depth Functions and Defense-in-Depth Features Important to Accident Scenarios Page 1 of 7
. . . Type of Feature
Accident Defense-In-Depth Function Defense-in-Depth Feature P Type of TSR Control
(SSCor AC)
* Primary Confinement * Vented DOT Type A Waste Container or SSC (Passive) IDesign Feature/AC 5.9.12
Equivalent
e Secondary Confinement e Waste Handling Building Structure (WHB) SSC (Passive) Design Feature/AC 5.1
CH1 * WHB CH HVAC System SSC (Active) Design Feature/AC 5.1
Spontancous » WHB HEPA Filters SSC (Passive) [Design Feature/AC 5.1
Ignition in WHB |, Limitations on waste container radionuclide and ¢ WIPP Waste Acceptance Criteria AC AC 5.9.12
fissile inventory and waste characteristics
» Provide facility emergency response to the event o WIPP Emergency Management Program AC AC 5.9.8
(notification, evacuation, direct response)
* Primary Confinement * Vented DOT Type A Waste Container or SSC (Passive) |Design Feature/AC 5.9.12
Equivalent
* Secondary Confinement * Waste Handling Building Structure (WHB) SSC (Passive) Design Feature/AC 5.1
e WHB CH HVAC System SSC (Active) Design Feature/AC 5.1
» WHB HEPA Filters SSC (Passive) Design Feature/AC 5.1
* TRUDOCK Crane designed to prevent failure e TRUDOCK Crane Design, ACGLF Design SSC (Active) Design Feature/AC 5.1
resulting in a dropped load * Configuration Control IAC IAC 5.9.1/5.9.13
e Quality Assurance AC AC 5.9.4
* Adjustable Center of Gravity Lift Fixture
(ACGLF) designed to prevent load from swinging
e TRUDOCK Crane maintained to prevent failure
CH2 resulting in a dropped load » Preventative Maintenance AC AC 5.9.3
Crane“ll?lz_lli];ure in | Adjustable Center of Gravitfy Lift Fixture
maintained to prevent load from swinging
* TRUDOCK Crane operated to prevent failure
resulting in a dropped load * Pre-op Checks/Inspections (Conduct of Ops) IAC IAC 5.1/5.9.7
e Operator Training and Qualifications
» Adjustable Center of Gravity Lift Fixture designed |» Waste Handling Procedures AC AC 5.9.6/5.4
to prevent load from swinging » Hoisting and Rigging Practices IAC IAC 5.9.5
* Operations performed with spotter present IAC IAC 5.9.6
* Document Control AC AC 5.9.6
AC AC 5.9.2
» Limitations on waste container radionuclide and J¢ WIPP Waste Acceptance Criteria
fissile inventory and waste characteristics IAC IAC 5.9.12
» Provide facility emergency response to the event  Jo WIPP Emergency Management Program
(notification, evacuation, direct response) AC IAC 5.9.8
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Table 1.3-8, Summary of Defense-In-Depth Functions and Defense-in-Depth Features Important to Accident Scenarios Page 2 of 7
. . . Type of Feature
Accident Defense-In-Depth Function Defense-in-Depth Feature P Type of TSR Control
(SSCor AC)
* Primary Confinement * Vented DOT Type A Waste Container or SSC (Passive) IDesign Feature/AC 5.9.12
Equivalent
e Secondary Confinement » Waste Handling Building Structure (WHB) SSC (Passive) Design Feature/AC 5.1
* WHB CH HVAC System SSC (Active) Design Feature/AC 5.1
» WHB HEPA Filters SSC (Passive) [Design Feature/AC 5.1
* Waste Handling Equipment (Forklift and  Forklift and Attachments Design, Facility Pallet [SSC (Active) Design Feature/AC 5.1
Attachment Design, and Facility Pallet) designed Design
to prevent failure resulting in a punctured waste  |» Configuration Control IAC IAC 5.9.1/5.9.13
container e Quality Assurance AC AC 5.9.4
CH3 » Waste Handling Equipment maintained to prevent |» Preventative Maintenance AC AC 5.9.3
Puncture in WHB | failure resulting in a punctured waste container
* Waste Handling Equipment operated to prevent
failure resulting in a punctured waste container e Pre-op Checks/Inspections (Conduct of Ops) AC AC 5.1/5.9.7
e Operator Training and Qualifications
* Waste Handling Procedures IAC IAC 5.9.6/5.4
» Hoisting and Rigging Practices IAC IAC 5.9.5
e Operations performed with spotter present AC AC 5.9.6
* Document Control AC AC 5.9.6
e Limitations on waste container radionuclide and AC IAC 5.9.2
fissile inventory and waste characteristics * WIPP Waste Acceptance Criteria
AC AC 5.9.12
» Provide facility emergency response to the event
(notification, evacuation, direct response) * WIPP Emergency Management Program
AC AC 5.9.8
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Table 1.3-8, Summary of Defense-In-Depth Functions and Defense-in-Depth Features Important to Accident Scenarios Page 3 of 7
. . . Type of Feature
Accident Defense-In-Depth Function Defense-in-Depth Feature P Type of TSR Control
(SSCor AC)
* Primary Confinement * Vented DOT Type A Waste Container or SSC (Passive) IDesign Feature/AC 5.9.12
Equivalent
e Secondary Confinement » Waste Handling Building Structure (WHB) SSC (Passive) Design Feature/AC 5.1
e WHB CH HVAC System SSC (Active) Design Feature/AC 5.1
* WHB HEPA Filters SSC (Passive) [Design Feature/AC 5.1
* Waste Handling Equipment (Forklift and  Forklift and Attachments Design, Facility Pallet [SSC (Active) Design Feature/AC 5.1
Attachments, Facility Pallet) designed to prevent Design
failure resulting in a dropped waste container * Configuration Control IAC IAC 5.9.1/5.9.13
e Quality Assurance AC AC 5.9.4
* Waste Handling Equipment maintained to prevent
CH4 failure resulting in a dropped waste container » Preventative Maintenance AC AC 5.9.3
H
Drop in WHB  |» Waste Handling Equipment operated to prevent
failure resulting in a dropped waste container
* Pre-op Checks/Inspections (Conduct of Ops) AC AC 5.1/5.9.7
e Operator Training and Qualifications
* Waste Handling Procedures IAC IAC 5.9.6/5.4
» Hoisting and Rigging Practices IAC IAC 5.9.5
e Operations performed with spotter present AC AC 5.9.6
» Limitations on waste container radionuclide and o Document Control AC AC 5.9.6
fissile inventory and waste characteristics IAC IAC 5.9.2
* WIPP Waste Acceptance Criteria
» Provide facility emergency response to the event AC AC 5.9.12
(notification, evacuation, direct response)
e WIPP Emergency Management Program
AC AC 5.9.8
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Table 1.3-8, Summary of Defense-In-Depth Functions and Defense-in-Depth Features Important to Accident Scenarios Page 4 of 7
. . . Type of Feature
Accident Defense-In-Depth Function Defense-in-Depth Feature P Type of TSR Control
(SSCor AC)
* Primary Confinement * Vented DOT Type A Waste Container or SSC (Passive) IDesign Feature/AC 5.9.12
Equivalent
e Secondary Confinement » Underground Ventilation Exhaust System SSC (Active) Design Feature/AC 5.1
* Underground Ventilation Exhaust HEPA Filters JSSC (Passive) [Design Feature/AC 5.1
e Central Monitoring System (for actuation of
underground shift to filtration only) SSC (Active) Design Feature/AC 5.1
* Waste Hoist and Brake System Design
» Waste Hoist System designed to prevent failure e Configuration Control SSC (Active) |Design Feature/AC 5.1
resulting in an uncontrolled movement of the hoist Jo Quality Assurance AC AC 5.9.1/5.9.13
AC IAC 5.9.4
CHS5 * Waste Hoist System maintained to prevent failure | Preventative Maintenance
Waste Hoist resulting in an uncontrolled movement of the hoist IAC AC 5.9.3
Failure * Waste Hoist System operated to prevent failure
resulting in an uncontrolled movement of the hoist |¢ Pre-op Checks/Inspections (Conduct of Ops)
e Operator Training and Qualifications AC AC 5.9.7
* Waste Handling Procedures
» Hoisting and Rigging Practices IAC IAC 5.9.6/5.4
* Operations performed with spotter present IAC IAC 5.9.5
* Document Control AC AC 5.9.6
» Limitations on waste container radionuclide and AC AC 5.9.6
fissile inventory and waste characteristics * WIPP Waste Acceptance Criteria IAC IAC 5.9.2
» Provide facility emergency response to the event AC AC 5.9.12
(notification, evacuation, direct response) * WIPP Emergency Management Program
AC AC 5.9.8
e Primary Confinement e Vented DOT Type A Waste Container or SSC (Passive) IDesign Feature/AC 5.9.12
Equivalent
* WHB structure (includes structure and structural |» Waste Handling Building DBE design SSC (Passive) |Design Feature/AC 5.1
components) designed and maintained to prevent o Configuration Control AC AC 5.9.1/5.9.13
failure during a DBE resulting in waste container | Quality Assurance IAC IAC 5.9.4
breach * Preventative Maintenance AC IAC 5.9.3
I()jlli—llg * WHB 6-ton bridge crane and waste hoist designed J¢ Waste Handling Building 6-ton bridge crane and JSSC (Passive) IAC 5.1
and maintained to prevent failure during a DBE waste hoist DBE design
resulting in waste container breach » Configuration Control AC AC 5.9.1/5.9.13
* Quality Assurance IAC AC 5.9.4
* Preventative Maintenance AC IAC 5.9.3
» Limitations on waste container radionuclide and
fissile inventory and waste characteristics * WIPP Waste Acceptance Criteria AC AC 5.9.12
* Provide facility emergency response to the event
(notification, evacuation, direct response) * WIPP Emergency Management Program IAC IAC 5.9.8
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Table 1.3-8, Summary of Defense-In-Depth Functions and Defense-in-Depth Features Important to Accident Scenarios Page 5 of 7

Type of Feature

Accident Defense-In-Depth Function Defense-in-Depth Feature Type of TSR Control
(SSCor AC)
* Primary Confinement * Vented DOT Type A Waste Container SSC (Passive) Design Feature/AC 5.9.12
e Secondary Confinement » Underground Ventilation Exhaust System SSC (Active) Design Feature/AC 5.1
» Underground Ventilation Exhaust HEPA Filters [SSC (Passive) Design Feature/AC 5.1
* Radiation Monitoring System (active waste
disposal room exit alpha CAM for underground JSSC (Active) Design Feature/AC 5.1
CH7 shift to filtration)
Spontaneous e Central Monitoring System (for actuation of
I glgtion in U/G underground shift to filtration only) SSC (Active) |Design Feature/AC 5.1

* WIPP Waste Acceptance Criteria
e Limitations on waste container radionuclide and AC AC 5.9.12
fissile inventory and waste characteristics
e WIPP Emergency Management Program
» Provide facility emergency response to the event AC AC 5.9.8
(notification, evacuation, direct response)

1 . 3'48 December 7, 1999



WIPP SAR DOE/WIPP-95-2065 REV. 4 CHAPTER 1

Table 1.3-8, Summary of Defense-In-Depth Functions and Defense-in-Depth Features Important to Accident Scenarios Page 6 of 7
. . . Type of Feature
Accident Defense-In-Depth Function Defense-in-Depth Feature P Type of TSR Control
(SSC or AC)
* Primary Confinement * Vented DOT Type A Waste Container or SSC (Passive) IDesign Feature/AC 5.9.12
Equivalent
e Secondary Confinement » Underground Ventilation Exhaust System SSC (Active) Design Feature/AC 5.1
* Underground Ventilation Exhaust HEPA Filters JSSC (Passive) [Design Feature/AC 5.1
* Radiation Monitoring System (active waste
disposal room exit alpha CAM for underground |SSC (Active) Design Feature/AC 5.1
shift to filtration)
e Central Monitoring System (for actuation of
underground shift to filtration only) SSC (Active) |Design Feature/AC 5.1
» Forklift and Attachments Design, Facility Pallet
* Waste Handling Equipment (Forklift and Desifgn SSC (Active) |Design Feature/AC 5.1
Attachments, Facility Pallet) designed to prevent [» Contfiguration Control
failure resulting in a dropped waste container * Quality Assurance AC AC 5.9.1/5.9.13
AC IAC 5.9.4
CH9
Drop in U/G
» Waste Handling Equipment maintained to prevent [ Preventative Maintenance
failure resulting in a dropped waste container IAC IAC 5.9.3
» Waste Handling Equipment operated to prevent
failure resulting in a dropped waste container * Pre-op Checks/Inspections (Conduct of Ops)
e Operator Training and Qualifications IAC IAC 5.9.7
* Waste Handling Procedures
» Hoisting and Rigging Practices AC AC 5.9.6/5.4
e Operations (;:)erformed with spotter present IAC AC 5.9.5
e Document Control IAC IAC 5.9.6
e Limitations on waste container radionuclide and AC IAC 5.9.6
fissile inventory and waste characteristics » WIPP Waste Acceptance Criteria AC AC 5.9.2
* Provide facility emergency response to the event IAC IAC 5.9.12
(notification, evacuation, direct response) * WIPP Emergency Management Program
AC AC 5.9.8
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Table 1.3-8, Summary of Defense-In-Depth Functions and Defense-in-Depth Features Important to Accident Scenarios Page 7 of 7
. . . Type of Feature
Accident Defense-In-Depth Function Defense-in-Depth Feature P Type of TSR Control
(SSCor AC)
* WHB structure (includes structure and structural Jo Waste Handling Building DBT design SSC (Passive) IDesign Feature/AC 5.1
components) designed and maintained to prevent ¢ Configuration Control IAC IAC 5.9.1/5.9.13
failure during a DBT resulting in waste container Jo Quality Assurance AC AC 5.9.4
CHI0 breach » Preventative Maintenance AC AC 5.9.3
DBT * Limitations on waste container radionuclide and J¢ WIPP Waste Acceptance Criteria IAC IAC 5.9.12
fissile inventory and waste characteristics
* Provide facility emergency response to the event J¢ WIPP Emergency Management Program IAC IAC 5.9.8
(notification, evacuation, direct response)
e Primary Confinement » Vented DOT Type A Waste Container or SSC (Passive) Design Feature/AC 5.9.12
Equivalent
» Secondary Confinement » Underground Ventilation Exhaust System SSC (Active) Design Feature/AC 5.1
» Underground Ventilation Exhaust HEPA Filters [SSC (Passive) Design Feature/AC 5.1
* Radiation Monitoring System (active waste
disposal room exit alpha CAM for underground JSSC (Active) Design Feature/AC 5.1
shift to filtration)
e Central Monitoring System (for actuation of
underground shift to filtration only) SSC (Active) |Design Feature/AC 5.1
e Underground Disposal Area Design
CH11 * Underground disposal areas designed to prevent | Configuration Control SSC (Passive) |Design Feature/AC 5.1
Roof Fall failure resulting in a breached waste container * Quality Assurance SSC (Passive) IAC 5.9.1/5.9.13
AC AC 5.9.4
» Underground disposal areas maintained to prevent |+ Ground Control/Inspections and Assessments
failure resulting in a breached waste container * Geomechanical Monitoring AC AC 5.9.14
AC IAC 5.9.14
e Limitations on waste container radionuclide and |» WIPP Waste Acceptance Criteria
fissile inventory and waste characteristics
AC IAC 5.9.12
» Provide facility emergency response to the event |» WIPP Emergency Management
(notification, evacuation, direct response)
AC AC 5.9.8
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1.4 Organizations

The overall responsibility for the design, construction, operation, and decommissioning of the WIPP
rests solely with the DOE. Within the DOE, the Assistant Secretary for Environmental Restoration
and Waste Management (EM) is responsible for implementing the radioactive waste disposal policy. In
1993, the DOE Carlsbad Area Office (CAO) was created to be directly responsible for the WIPP
Project. The CAO reports programmatically to the DOE-EM and administratively to the DOE-AL.

During the construction phase, DOE-AL contracted with the following organizations to participate in
the WIPP Project:

® Sandia National Laboratories (SNL), Department of Waste Management Technology,
Albuquerque, New Mexico, to serve as the Scientific Advisor

® Bechtel National Incorporated, Advanced Technology Division, San Francisco, California, to serve
as the Architect/Engineer

® Westinghouse Electric Corporation, Waste Isolation Division, Carlsbad, New Mexico, to serve
first as the Technical Support Contractor (1978-1985) and later as the Management and Operating
Contractor (1985-present)

NOTE: The U.S. Army Corps of Engineers was the construction manager under provisions of an
Interagency Agreement prior to transfer of this responsibility to the Management and Operating
Contractor (MOC).

SNL, as the Scientific Advisor, has been responsible for developing the conceptual design of the WIPP
facility, and performing the site selection and characterization studies. SNL is also responsible for
completing the performance assessment of the WIPP facility in compliance with 40 CFR 191 Subparts
B and C.!

Bechtel, the Architect/Engineer, was responsible for developing the detailed design of the facility,
including construction bid package development and design related geotechnical explorations. Bechtel
engaged the services of Rockwell International as consultant for the design of special waste handling
equipment.

As the Technical Support Contractor (TSC) (from 1978-1985), Westinghouse was responsible for
providing general management and procurement support. In this role, Westinghouse performed
technical reviews of the design, prepared the Safety Analysis Report, supported preparation of the
Final Environmental Impact Statement, and provided support in operational planning and quality
assurance. In 1985, the DOE-AL contracted with Westinghouse to provide management and operating
services as the MOC. In this capacity, Westinghouse is responsible for general management and
operating services, including operational safety, engineering management, quality assurance and
control, project control, construction management, and environmental services. As part of its
responsibility as MOC, Westinghouse ensures that all inputs to facility operations are properly
reviewed for health, safety, and environmental implications.
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The DOE has entered into a formal agreement with the State of New Mexico for the purpose of
consultation and cooperation (WACC?). This agreement, including its associated working agreement
and subsequent modifications, provides a basis for the Governor of New Mexico to exercise the state's
right, to comment on and make recommendations regarding the public health and safety aspects of the
WIPP Project. The WACC designates key events, sets time frames for review, provides for comments
and resolution of comments, and establishes procedures for review of the WIPP Project activities and
for resolving conflicts. The WACC agreement also provides a mechanism for conflict resolution.
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References for Section 1.4
1. 40 CFR 191, U.S. Environmental Protection Agency, Environmental Radiation Protection for
Management and Disposal of Spent Nuclear Fuel, High Level and Transuranic Wastes, Subpart B,

Environmental Standards for Disposal, July 1994.

2. Working Agreement for Consultation and Cooperation, signed by the U.S. DOE and the State of
New Mexico, July 1981 and subsequent revisions.
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1.5 Statutes, Federal Rules, and DOE Directives Applicable to the Preclosure WIPP CH TRU
Waste Operational Safety

Public Law 83-703
Public Law 90-148
Public Law 91-190
Public Law 94-580
Public Law 95-164
Public Law 96-164

Public Law 96-510
Public Law 102-579

10CFR Part 830
10CFR Part 835
29 CFR Part 1910
30 CFR Part 57

40 CFR Part 61,
Subpart H

40 CFR Part 191,
Subpart A

40 CFR Part 261
40 CFR Part 262
40 CFR Part 264

40 CFR Part 265

40 CFR Part 268
40 CFR Part 270

40 CFR Part 280
DOE Order O 414.1
DOE Order O 420.1
DOE Order O 430.1A
DOE Order 4330.4B
DOE Order 4700.1
DOE Order 5000.3B

DOE Order 5400.1
DOE Order 5400.4

DOE Order 5400.5

Atomic Energy Act of 1954

Clean Air Act

National Environmental Policy Act

Resource Conservation and Recovery Act

Federal Mine Safety and Health Act of 1977

Department of Energy National Security and Military Applications of
Nuclear Energy Authorization Act of 1980

Comprehensive Environmental Response, Compensation, and Liability Act
Waste Isolation Pilot Plant Land Withdrawal Act [as amended by Public
Law [104-201]

Nuclear Safety Management, April 5, 1994

Occupational Radiation Protection, December 14, 1993

Occupational Safety and Health Standards, June 27, 1974

Safety and Health Standards - Underground Metal and Nonmetal Mines,
January 29, 1985

Subpart H - National Emission Standards for Emissions of Radionuclides

Other than Radon from Department of Energy Facilities; 40 CFR Part 61,
National Emission Standards for Hazardous Air Pollutants, December 15,
1989

Subpart A - Environmental Standards for Management and Storage; 40 CFR
191, Environmental Radiation Protection for Management and Disposal of
Spent Nuclear Fuel, High-level and Transuranic Radioactive Wastes,
November 18, 1985

Identification and Listing of Hazardous Waste, May 19, 1980

Standards Applicable to Generators of Hazardous Waste, May 19, 1980
Standards for Owners and Operators of Hazardous Waste Treatment,
Storage, and Disposal Facilities, May 19, 1980

Interim Status Standards for Owners and Operators of Hazardous Waste
Treatment, Storage, and Disposal Facilities, May 19, 1980

Land Disposal Restrictions, May 19, 1980

EPA Administered Permit Programs: The Hazardous Waste Permit Program,
April 1, 1983

Technical Standards and Corrective Action Requirements for Owners and
Operators of Underground Storage Tanks, September 23, 1988

Quality Assurance, November 1998

Facility Safety, October 1996

Life-Cycle Asset Management, October 1998

Maintenance Management Program, February 10, 1994

Project Management Systems, June 2, 1992 (For reference only, superceded
by DOE O 430.1A)

Occurrence Reporting and Processing of Operations Information,

January 19, 1993

General Environmental Protection Program, June 29, 1990

Comprehensive Environmental Response, Compensation, and Liability Act
Requirements, June 6, 1989

Radiation Protection of the Public and the Environment, January 7, 1993
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DOE Order 5440.1E

DOE Order 5480.4

DOE Order 5480.18B
DOE Order 5480.19

DOE Order 5480.20A

DOE Order 5480.21
DOE Order 5480.22
DOE Order 5480.23
DOE Order 5500.1B
DOE Order 5500.2B

DOE Order 5500.3A
DOE Order 5500.3B

DOE Order 5500.7B
DOE Order 5500.10
DOE Order 5820.2A
DOE Order 6430.1A

National Environmental Policy Act Compliance Program,

November 10, 1992

Environmental Protection, Safety, and Health Protection Standards,
January 7, 1993

Nuclear Facility Training Accreditation Program, August 31, 1994
Conduct of Operations Requirements for DOE Facilities, May 18, 1992
Personnel Selection, Qualification, Training Requirements for DOE Nuclear
Facilities, November 15, 1994

Unreviewed Safety Questions, May 12, 1994

Technical Safety Requirements, September 15, 1992

Nuclear Safety Analysis Reports, April 30, 1992

Emergency Management System, April 30, 1991

Emergency Categories, Classes, and Notification and Reporting
Requirements, February 27, 1992

Planning and Preparedness for Operational Emergencies, February 27, 1992
Occurrence Reporting and Processing of Operations Information,
January 19, 1993

Emergency Operation Records Protection Program, October 23, 1991
Emergency Readiness Assurance Program, February 27, 1992
Radioactive Waste Management, September 1988

General Design Criteria, 1989 (For reference only, superceded by DOE
0 420.1 and DOE O 430.1A)

Note: Conversion to, and implementation of, selected applicable DOE O series Orders are not required
until inclusion into Managing and Operating Contractor contracts. As such, demonstration of
compliance with applicable Orders, replacing any listed above, will be included in the appropriate
Annual SAR Update when the Orders become effective and are implemented at WIPP.
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SITE CHARACTERISTICS

This Chapter provides information on the location of the WIPP facility and the site characteristics to
support and clarify assumptions used in the hazards and accident analysis to identify and analyze
potential external and natural phenomena accident initiators and accident consequences external to the
facility. Included is information on: (1) site geography, (2) demographics, (3) nearby industrial,
transportation, and military facilities, (4) meteorology, (5) demographics and land use, and (6)
seismicity. Information relating to ecology, extractable resources, water and air quality, environmental
radioactivity, surface and ground water hydrology, and geology, necessary to support the long-term
performance assessment of the repository, may be found in the 7itle 40 CFR 191 Compliance
Certification Application for the Waste Isolation Pilot Plant, DOE/CAO-1996-2184, October 1996.

2.1 Geography and Demography of the Area Around the WIPP Facility
2.1.1 WIPP Facility Location and Description

The Waste Isolation Pilot Plant (WIPP) Facility is located in Eddy County in southeastern New Mexico
(Figure 2.1-1). The center of the WIPP facility is approximately 103°47'27" W longitude and
32°22'11" N latitude.

Prominent natural features within five miles (8.0 kilometers) of the center of the WIPP facility include
Livingston Ridge and Nash Draw, which are located about five miles (8.0 kilometers) west.
Livingston Ridge, the most prominent physiographic feature near the WIPP facility, is a northwest
facing bluff (about 75 feet or 22.9 meters high) that marks the east edge of Nash Draw (a shallow
drainage course about five miles [8.0 kilometers] wide).

Other prominent natural features are the Pecos River which is about 14 miles (22.5 kilometers) west at
its nearest point, and the Guadalupe Mountains which includes the Carlsbad Caverns National Park at
about 42 miles (67 kilometers) and the Guadalupe Mountains National Park which is about 65 miles
(104.5 kilometers) west southwest. The nearest prominent man-made features are the city of Loving
(with a 1990 population of 1243) which is 18 miles (29.0 kilometers) west southwest, and the city of
Carlsbad (with a 1990 population of 24,896) which is 26 miles (41.8 kilometers) west.

2.1.1.1 WIPP Facility Area

The area of land that lies within the WIPP Site Boundary and committed to the WIPP facility is a
square four miles (6.4 kilometers) on a side. It contains 10,240 acres or 4,146 hectares (16 mi* or
41.4 km*) including Sections 15-22 and 27-34 in township T22S, R31E. The area containing the
WIPP facility surface structures is surrounded with a chain link fence and covers about 35 acres or 14
hectares in Sections 20 and 21 of T22S, R31E. This fenced area is known as Property Protection
Area. The location and orientation of the WIPP facility surface structures are shown in Figure 1.2-3.
These structures include the Waste Handling Building (WHB) where radioactive waste is received and
prepared for underground disposal, four shafts to the underground area, a Support Building containing
laboratory and office facilities, showers, change rooms for underground workers, an Exhaust Filter
Building (EFB), and a water supply system. Support structures outside of the chain link fence include
sewage stabilization ponds, other auxiliary buildings, two mined-rock (salt) piles, and collection ponds
for managing site runoff.
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There are no industrial, commercial, institutional, recreational or residential structures within the
WIPP Site Boundary and no through public highways, railways or waterways traverse the WIPP Site
Boundary. Access to the WIPP facility is provided by two access roads that connect with U.S.
Highway 62/180, 13 miles (21 km) to the north, and NM Highway 128 (Jal Highway), 4 miles (6.4
km) to the south. The north access road, which connects the site to U.S. Highway 62/180, is an access
road built specifically for the DOE that will be used to transport TRU mixed waste from the highway
to the site. The north access road is restricted for use by the personnel, agents and contractors of the
DOE on official business related to the WIPP Project, or to personnel, permittees, licensees or lessees
of the BLM. The south access road is county highway maintained by Eddy County and multiple-use
access is allowed unless it is determined that access by industry or the general public represents a
significant safety risk to WIPP personnel. There are four natural gas pipelines that traverse the
vicinity of the WIPP facility. One pipeline that is within the WIPP Site Boundary is oriented northeast
southwest and is about 1.2 miles (1.9 kilometers) north of the center of the WIPP surface structures at
its closest point. This pipeline, along with other pipelines in the area of the WIPP facility, are
discussed in Section 2.2.3.

The areas that have been designated as subdivisions within the WIPP Site Boundary are defined below
and depicted in Figure 2.1-2.

The Property Protection Area is an area of approximately 35 acres or 14 hectares surrounded by a
chain link fence. Most of the WIPP facility surface structures are located within this area. Except for
the salt storage piles, and the wastewater stabilization ponds.

The Exclusive Use Area is an area of approximately 277 acres or 112 hectares surrounded by a barbed
wire fence and posted no trespassing. Review of the WIPP Land Management Plan indicates that
public access to the WIPP 16 section area up to the DOE “Exclusive Use Area” is allowed for grazing
purposes and up to the DOE “Off-limits Area” for recreational purposes. Public access is controlled
by the WIPP 24-hour security force, which regularly patrols the restricted access areas (Section 8.6).

The Off-limits Area (shown in Figure 2.1-2) is an area of approximately 1,421 acres or 575 hectares
and is posted no trespassing. Access to this area will be restricted.

The WIPP Site Boundary encompasses an area of 10,240 acres or 4,146 hectares (16 sections). The
DOE will not permit subsurface mining, drilling, or resource exploration unrelated to the WIPP Project
within the WIPP Site Boundary during facility operation or after decommissioning. This prohibition
precludes slant drilling under the WIPP facility from within or outside the WIPP facility, with the
exception of existing rights under federal oil and gas leases No. NMNM 02953 and NMNM 02953C,
which shall not be affected unless a determination is made to require the acquisition of such leases to
comply with final disposal regulations or with the solid waste disposal act (42 U.S.C. 6901 et seq). *

Within the Property Protection Area, public access is restricted to employees and approved visitors.
Within the Exclusive Use Area access is restricted to authorized personnel and vehicles. Mining and
drilling for purposes other than those which support the WIPP project are prohibited within the 16-
section (Land Withdrawal Act (LWA). In addition, small areas have been fenced to control access to
material storage areas, borrow pits, the sewage stabilization ponds, and biological study plots.
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A zone, provided between the mined area underground and the WIPP Site Boundary is a minimum of
one mile (1.6 kilometers) wide. This thickness was specified based on recommendations made by Oak
Ridge National Laboratory (ORNL). The ORNL recommendation of one to five miles (1.6 to 8.0
kilometers) for the size of the zone of intact salt was to preclude unacceptable penetration of the salt
formation. The ORNL stated that the actual size of the zone must be based on site dependent factors
including drilling operations, mining operations and salt dissolution rates. This was addressed in the
Geological Characterization Report * where the authors state that the one mile (1.6 kilometers)
thickness should provide more than 250,000 years of isolation using very conservative dissolution
assumptions.

2.1.2 Exclusion Area Land Use and Control
2.1.2.1 Authority

The 10,240 acres (4,146 hectares) that lie within the WIPP Site Boundary are on federal land. During
construction all the federal lands within the WIPP Site Boundary were managed in accordance with the
terms of Public Land Order 6403 and a DOE/Bureau of Land Management (BLM) Memorandum of
Understanding (MOU)? and the BLM Resource Management Plan.

During operations, the area within the WIPP Site Boundary will remain under federal control. This
includes all facility areas described in Section 2.1.1.1

On October 30, 1992, the WIPP (LWA), Public Law 102-579 as amended by Public Law 104-201,
was signed by President Bush transferring the land from the Department of the Interior (DOI) to the
DOE. Consistent with the mission of the WIPP facility, lands within and around the WIPP Site
Boundary are administered according to a multiple land use policy. Mining and Drilling for purposes
other than those which support the WIPP project are prohibited within the 16-section LWA area subject
such conditions and restrictions as may be necessary to permit the conduct of WIPP-related activities.?

2.1.2.1.1 Agricultural Uses

All the land within the WIPP Site Boundary up to the Exclusive Use Area has been leased for grazing,
which is the only significant agricultural activity in the vicinity of the WIPP facility. The Smith
Ranch, owned by Kenneth Smith, Inc. of Carlsbad, New Mexico, has lease rights to 2880 acres (1,166
hectares) within the northern portion of the WIPP Site Boundary. J. C. Mills of Abernathy, Texas,
owner of the Mills Ranch, has lease rights to 7,360 acres (2,980 hectares) within the southern portion
of the WIPP Site Boundary.

2.1.2.1.2 Water Use
There are no significant uses of surface or groundwater in the vicinity of the WIPP facility. Several

windmills have been erected throughout the area to pump groundwater for livestock watering.
Additionally, several ponds have been created to capture runoff for livestock.
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2.1.2.1.3 Industrial and Commercial Facilities

There are no industrial surface facilities within a five-mile (8.0 kilometer) radius of the WIPP facility.
Ranching is the only commercial operation within five miles of the facility, with the exception of oil
and gas related activities. The five-mile (8.0 kilometer) radius encompasses grazing allotments of
three separate ranches; however, only one ranch house is located in the area. It is about 3.5 miles (5.6
kilometers) from the center of the WIPP facility in the south southwest sector. There are four potash
mines and two chemical processing plants (adjacent to the mines) between five and 10 miles (8.0 to
16.1 kilometers) of the WIPP facility.
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References for Section 2.1

1 Public Law 102-579, 102nd Congress, Waste Isolation Pilot Plant Land Withdrawal Act, October
30, 1992 [as amended by Public Law 104-201].

2 SAND 78-1596, Geological Characterization Report for the WIPP Site, Southeastern New Mexico.
Sandia National Laboratories, Albuquerque, NM, 1978.

3 Memorandum of Understanding, Bureau of Land Management and the Department of Energy, July
19, 1994.
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2.2 Nearby Industrial, Transportation and Military Facilities

The extractive activities, transportation routes, and military operations that may have a potential affect
on operations at the WIPP facility are discussed in this section.

2.2.1 Industrial and Commercial Facilities

There are some oil and gas related industrial facilities within a five-mile (8.0 kilometer) radius of the
WIPP facility. The five-mile (8.0 kilometer) radius encompasses grazing allotments of three separate
ranches; however, only one ranch house is located in the area. It is about 3.5 miles (5.6 kilometer)
from the center of the WIPP facility in the south southwest sector. There are four potash mines and
two chemical processing plants (adjacent to the mines) between five and 10 miles (8.0 and 16.1
kilometers) of the WIPP facility.

2.2.2 Extractive Activities

Within a five mile (8.0 kilometer) radius from the center of the WIPP Land Withdrawal Area (LWA),
both oil and gas are extracted below the Salado formation. The majority of the newer wells produce
oil and gas from the Brushy Canyon formation of the Delaware Mountain Group. Gas wells typically
produce from the deeper Pennsylvanian-age formations (Atoka, Strawn, and Morrow formations). As
of April 1995, there were 136 oil wells (some which produce both oil and gas), 21 gas wells, and 21
plugged wells within five miles (8.0 kilometers) of the Land Withdrawal Act (LWA) boundary (Figure
2.2-2a). The completion of these wells is stratigraphically below the repository horizon. There are
likewise an additional 292 oil wells, 47 gas wells, and 83 plugged wells within ten miles of the LWA
boundary (Figure 2.2-1). The plugged wells include both wells that are considered "dry holes" and
wells that are no longer productive and have been permanently sealed.

Besides the oil and gas extractive activities, there are four active potash mines within ten miles (16.1
kilometers) of the WIPP LWA. Potash is extracted from the McNutt Potash member which is
stratigraphically above the WIPP repository horizon.

2.2.3 Oil and Gas Pipelines

There are no crude oil pipelines within five miles (8.0 kilometers) of the WIPP facility. There are,
however, 16 natural gas pipelines located within a five-mile (8.0 kilometer) radius of the WIPP
facility. Many producing wells within the ten mile (16.1 kilometer) radius of the WIPP are connected
to tank batteries by gathering systems of flexible, plastic tubing. These lines are typically buried at the
time of installation; however, there are areas where these lines rest upon the surface of the ground.
They carry a mixture of crude oil, natural gas, and produced waters. At the accumulation tanks, these
fluids are separated, and the gas is then fed into pipelines. Thirteen of these pipelines have
right-of-way lease permits issued by the U.S. Department of the Interior (DOI), Bureau of Land
Management (BLLM) for access to federal land, while four have permits issued by the State of New
Mexico, State Land Office, for access to state lands. Two pipelines require both federal and state
right-of-way lease permits. There is one pipeline located on federal land for which no right-of-way
lease permit information is available.

The natural gas pipelines are owned and operated by three companies:

® Fl Paso Natural Gas Company, EI Paso, Texas;
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® Natural Gas Pipeline Company of America, Chicago, Illinois;
® Transwestern Pipeline Company, Roswell, New Mexico.

Figure 2.2-2a shows the location of each pipeline within five miles (8.0 kilometers) of the WIPP
facility, along with pertinent information regarding each pipeline.

One major non-oil or gas pipeline lies within the WIPP Site Boundary. This is a 10 inch (25.4
centimeter) City of Carlsbad water pipeline that provides the WIPP facility with potable water.

2.2.4 Waterways

There are no navigable waterways within a five-mile (8.0 kilometer) radius of the WIPP facility. The
nearest river is the Pecos River which is 12 miles (19.3 kilometers) west of the WIPP facility.

2.2.5 Military Facilities

There are no military facilities within a five-mile radius (8.0 kilometer) of the WIPP facility.
Holloman Air Force Base is the nearest military facility to the WIPP Site and is located 138 miles
(222.1 kilometers) to the northwest.

2.2.6 Airports and Aviation Routes

There are no airports within a ten-mile (16.1 kilometer) radius of the site. The nearest airstrip,

12 miles (19.3 kilometers) north of the WIPP facility, is privately operated by Transwestern Pipeline
Company. The nearest commercial airport is Cavern City, 28 miles (45.1 kilometers) west of the
WIPP facility near Carlsbad. Other airports in the area are Eunice (32 miles or 51.5 kilometers east),
Carlsbad Caverns (42 miles or 67.6 kilometers southwest), Hobbs Airport (42 miles or 67.6
kilometers northeast), Jal (40 miles or 64.4 kilometers southeast), Lovington ( 50 miles or 80.5
kilometers northeast), and Artesia (51 miles or 82.1 kilometers northwest). The relationship of these
airports to the WIPP facility is shown in Figure 2.2-3.

Portions of two federal airways are within five miles (8.0 kilometers) of the WIPP facility. Each
airway is 10 miles (16.1 kilometers) wide. The centerline of low altitude airway V-102 is three miles
(4.8 kilometers) northwest of the WIPP facility and high altitude airway J-15 is four miles (6.4
kilometers) northeast of the WIPP facility at their nearest points. These airways are shown in Figure
2.2-3. Traffic data for these airways are given in Table 2.2-1. The combined traffic on both routes is
about 28 Instrument Flight Rule (IFR) flights per peak day. There are no approach or landing zones
within five miles (8.0 kilometers) of the WIPP facility.
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2.2.7 Land Transportation
2.2.7.1 Roads and Highways

Other than the highways that provide north or south access, only one other highway lies within a
five-mile (8-kilometer) radius. This is New Mexico Highway 128, which is between four and

five miles (6.4 to 8 kilometers) southwest of the WIPP facility (Figure 1.2-1). It connects the small
community of Jal with NM 31, which leads into Loving and it provides access to Carlsbad. New
Mexico Highway 128 is used by ranchers, school buses, potash miners, and by oil and gas company
vehicles occasionally transporting drilling rigs (wide loads) to sites in the area. In 1985, it had an
average daily traffic flow of about 400 vehicles. Several dirt roads in the area are maintained for
ranching, pipeline maintenance, and access to drilling sites.

2.2.7.2 Railroads

Except for the rail spur that serves the WIPP facility, there are no railroad lines within the five-mile

radius of the WIPP facility. Rail lines to International Minerals and Chemical Corp. Main Plant and
Nash Draw operation, and the Mississippi Chemical Corp. Each plant, all potash mining operations,

are located between six and 10 miles (9.7 to 16.1 kilometers) of the WIPP facility. All railroad lines
within the general vicinity of the WIPP facility are used specifically to transport potash ore.

2.2.8 Projected Industrial Growth

While no industrial activity occurs within five miles (8 kilometers) of the WIPP facility, active potash
mining is occurring. These ores are extracted from the Salado formation but are brought to the surface
further than five miles (8 kilometers) from the WIPP. Other extractive activities are oil and gas
production (as detailed in section 2.2.2). No extractive activity is allowed within the LWA with the
exception of section 31 (the southwest corner section of the LWA). There is currently one gas well
producing from that section below the 6000 foot (1828.8 meter) land withdrawal designation. This
well was slant drilled from section 6 of Township 23 South. The other fifteen sections of the LWA
are withdrawn to the center of the earth. Other permit applications for slant drilling into section 31
from outside sections have been denied by the BLM.

Four potash mining operations located around the WIPP facility were contacted concerning their
anticipated growth. If these operations expand, there is a possibility that at least two new shafts will be
sunk in the approximate two to five miles (3 to 8 km) radius. Plans for expansion are not firm because
they are dictated in most cases by the market conditions for potash. Even if this expansion were to
occur, it would not pose a safety risk for the WIPP facility since surface and underground operations
would be restricted to areas outside the WIPP Site Boundary.

Except for the possible potash mining expansion discussed above, no significant increase in economic
activity is forecast for the future within five miles (8 kilometers) of the WIPP facility.
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Figure 2.2-2b, Explanation to Figure 2.2-2a
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El Paso Natural Gas Co., Eunice-Carlsbad Line (LC060762) 12.75" Dia Gas Line, Built 1945,
Located 1.125 miles NNW of WIPP. Operating Pressure 721 PSIG, Burial Depth 24".

El Paso Natural Gas Co., James “A” No. 1 (NM17321) 4.5"/8.625" Dia Gas Line, Built 1974,
Located 2.375 miles WNW of WIPP. Operating Pressure 721 PSIG, Burial Depth 24".

El Paso Natural Gas Co., Cabana No. 1 (NM18432) 4.5" Dia Gas Line, Built 1974, Located 4.25
miles NW of WIPP. Operating Pressure 721 PSIG, Burial Depth 24".

El Paso Natural Gas Co., James “E” No. 1 (NM19974) 4.5" Dia Gas Line, Built 1974, Located
4.25 miles NW of WIPP. Operating Pressure 721 PSIG, Burial Depth 24".

El Paso Natural Gas Co., El Paso “201" Spur Line (NM20125) 4.5" Dia Gas Line, Built 1974,
Located 4.625 miles NW of WIPP. Operating Pressure 721 PSIG, Burial Depth 24".

El Paso Natural Gas Co., James “C” No. 1 (RW18344) 6.625" Dia Gas Line, Built 1974, Located
4.625 miles NW of WIPP. Operating Pressure 721 PSIG, Burial Depth 24".

El Paso Natural Gas Co., James Ranch Unit No. 1 (NM046228) (RW14190) 4.5" Dia Gas Line,
Built 1958, Located 3.06125 miles WSW of WIPP. Operating Pressure 721 PSIG, Burial Depth
24",

El Paso Natural Gas Co., James Ranch Unit No. 7 (NM26987) 4.5" Dia Gas Line, Built 1976,
Located 2.625 miles SW of WIPP. Operating Pressure 721 PSIG, Burial Depth 24".

El Paso Natural Gas Co., Arco State No. 1 (RW17822) 6.625" Dia Gas Line, Built 1971, Located
4.625 miles S of WIPP. Operation Pressure 837, Burial Depth 24".

El Paso Natural Gas Co., Lateral EE-4 (NM16959/(RW18065) 4.5" Dia Gas Line, Built 1973,
Located 3.125 miles SW of WIPP. Operating Pressure 1200 PSIG, Burial Depth 36".

Natural Gas Pipeline Co. Of America, Lateral EE-6 Built 1974, 4.5" Dia Gas Line, Built 1974,
Located 3.2 miles SSW of WIPP. Operating Pressure 1200 PSIG, Burial Depth 36".

Natural Gas Pipeline Co. Of America, Lateral EE-3 (NM16029) 8.625" Dia Gas Line, Built 1972,
Located 3.4 miles SSW of WIPP. Operating Pressure 1200 PSIG, Burial Depth 36".

Natural Gas Pipeline Co. Of America, Lateral EE-7 (NM22471) 4.5" Dia Gas Line, Built 1974,
Located 4.7 miles SW of WIPP. Operating Pressure 1200 PSIG, Burial Depth 36".

Transwestern Pipeline Co., West Texas Lateral (NM070224) 24" Dia Gas Line, Built 1960,
Located 4.5 miles ENE of WIPP. Operating Pressure 1200 PSIG, Burial Depth 30".

Transwestern Pipeline Co., West Texas Lateral (NM8722) 30" Dia Gas Line, Built 1969, Located
4.25 miles ENE of WIPP. Operating Pressure 930 PSIG, Burial Depth 30".

Transwestern Pipeline Co., Monument Lateral (NM073482) 10" Dia Gas Line, Built 1960,
Located 4.5 miles ENE of WIPP. Operating Pressure 930 PSIG, Burial Depth 30".
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Table 2.2-1, Aviation Routes Within 5 Miles (8 kilometers) of the WIPP Facility*

Name Minimum Origin and Aircraft
of Route Altitude Destination Type Flights/Day  Flight Rule
FAA V-102 3,000 ft AGL Carlsbad Commercial, 5%*%* IFR
VORTAC military, and
Hobbs private
VORTAC
FAA J-15 18,000 ft MSL Wink Commercial 23 IFR
VORTAC military, and
Roswell private
VORTAC

*U.S. Department of Transportation, Federal Aviation Administration, Air Traffic Service, "En Route
IFR Peak Day Charts, FY 1976."

**Flights per day on V-102 does not include aircraft operating under Visual Flight Rules.

NOTE: 1976 was the last year day charts were logged by FAA. Local airfield does not monitor this
information.
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2.3 Demographics and Land Use in the Carlsbad Resource Area

2.3.1 Demographics

The WIPP is located in the Southeastern part of Eddy County, near Lea County. The population
density of Eddy County is 11.63 persons per square mile (4.49 persons /km?); the Lea County

population density is 12.69 persons per square mile (4.90 persons/km?) (Census of Population).*

Demographics for the communities surrounding the WIPP site are listed below, by county.

EDDY COUNTY

Community Population Location Relative to the WIPP Site

Artesia 10,610 53 miles (85.3 kilometers) northwest

Carlsbad 24,896 26 miles (41.8 kilometers) west

Loving 1,243 18 miles (29.0 kilometers) west-
southwest

Total Eddy County 48,605

LEA COUNTY

Community Population Location, Relative to the WIPP Site

Eunice 2,731 40 miles (64.4 kilometers) east

Hobbs 29,115 40 miles (64.4 kilometers) east

Jal 2,153 45 miles (72.4 kilometers) southeast

Lovington 9,322 50 miles (80.5 kilometers) northeast

Total Lea County 55,765

2.3.2 Land Use at the WIPP Site

At present, land within 10 miles (16 kilometers) of the site is used for potash-mining operations, active
oil and gas wells, and grazing. This pattern is expected to change little in the future.

The Waste Isolation Pilot Plant Land Withdrawal Act (LWA) (Public Law 102-579 as amended by
Public Law 104-201),? provides the DOE with lands for operation of the WIPP project. The law
provides for the transfer of the WIPP site lands from the Department of the Interior (DOI) to the DOE
and effectively withdraws the lands, subject to existing rights, from entry, sale, or disposition;
appropriation under mining laws; and operation of the mineral and geothermal leasing laws. The LWA
directed the Secretary of Energy to produce a management plan to provide for grazing, hunting and
trapping, wild life habitat, the disposal of salt, and tailings and mining (PTB).?

There are no hydrocarbon production wells within the volumetric boundary defined by the LWA. One
active well, referred to as James Ranch 13, was drilled in 1982 to tap gas resources beneath Section
31. This well was initiated in Section 6, outside the WIPP site boundary. The well enters Section 31
below a depth of 6,000 feet (1,829 meters) beneath ground level (PTB).?

Grazing leases have been issued for all land sections immediately surrounding the WIPP, with the
exception of the 277 acre (112.1 hectare) Exclusive Use Area’. Grazing within the WIPP site lands
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operates within the authorization of the Taylor Grazing Act of 1934, the Federal Land Policy and
Management Act (FLPMA), the Public Rangelands Improvement Act of 1978, and the Bankhead-Jones
Farm Tenant Act of 1973. The responsibilities of the DOE include supervision of ancillary activities
associated with grazing (e.g., wildlife access to livestock water development, assure water
developments inside WIPP lands are configured according to the regulatory requirements, etc.) and
ongoing coordination with respective allottees. Administration of grazing rights, including the
collection of grazing fees, shall be in cooperation with the BLM in accordance with an existing
Memorandum of Understanding (MOU) and the coinciding Statement of Work through guidance
established in the East Roswell Grazing Environmental Impact Statement (DOE/WIPP 94-2033).*
Portions of two grazing allotments administered by the BLM fall within the land withdrawal area:
Livingston Ridge (No. 77027), and Antelope Ridge (No. 77032) (DOE/WIPP 93-004).°

2.3.2.1 Land Use in the Carlsbad Resource Area

Major land uses in the Carlsbad resource area include potash mining and oil and gas recovery
(discussed previously), and ranching, farming, recreation, and tourism.

2.3.2.1.1 Ranching

There are 286 ranching units in the Carlsbad resource area (New Mexico Agricultural Statistics).® The
approximate areas, in acres (1 hectare= 2.47 acre), are as follows:

County Total Federal State Deeded
Eddy 2,675,000 1,627,827 577,225 470,149
Lea 2,812,160 416,960 1,199,221 1,195,979

The number of livestock located on these ranching units will vary depending upon grazing conditions.
However, the number of livestock (in head) for the Carlsbad resource area as reported in the 1993 New
Mexico Agricultural Statistics® are:

Goats/
County Cattle Dairy Herd Sheep Horses/Pigs
Eddy 25,000 9,100 12,000 1,200
Lea 22,000 7,200 5,800 1,560

2.3.2.1.2 Farming
There are approximately 160,000 acres (64,750 hectare) of farmland in the Carlsbad resource area.

The principal crops grown include cotton, alfalfa, and sorghum grains. There are also significant
quantities of pecans grown in this area, and minor amounts of truck vegetables.
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2.3.2.1.3 Recreation

Due to the topography, climatic conditions, and wildlife in the area of the WIPP site, an extensive
(non-facility based) variety of recreational opportunities are available to include: hunting for both big
and small game animals; camping; horseback riding; hiking; watching wildlife (e.g., bird watching);
and sightseeing. The WIPP area contains significant biodiversity in addition to historic and prehistoric
sites. These offer rewarding opportunities for scientific research and interpretive recreation.

2.3.2.1.4 Tourism

There are two national parks (Guadalupe Mountains and Carlsbad Caverns), a national forest
(Lincoln), and two state parks (Living Desert Zoo and Gardens, and Brantley) located within or near
the Carlsbad resource area. The Carlsbad Caverns National Park, which is 36 miles (58 kilometers)
southeast of the WIPP site, has approximately 1 million visitors per year. There are three dams on the
Pecos River that provide recreational activities during the summer months. The closest surface water
to WIPP (the Pecos River) is located about 12 miles (19.3 kilometers) away.
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2.4 Meteorology
2.4.1 Recent Climatic Conditions

Current climatic conditions are provided to allow for the assessment of impacts of these factors on the
disposal unit and the site. The WIPP facility does not rely on climatic conditions to control waste
migration; however, meteorological information is used in the evaluation of the air pathway during
operation of the facility.

2.4.1.1 General Climatic Conditions

The climate of the region is semiarid, with generally mild temperatures, low precipitation and
humidity, and a high evaporation rate. Winds are mostly from the southeast and moderate. In late
winter and spring, there are strong west winds and dust storms. During the winter, the weather is
often dominated by a high-pressure system situated in the central portion of the western United States
and a low-pressure system located in north-central Mexico. During the summer, the region is affected
by a low-pressure system normally situated over Arizona.'

2.4.1.2 Regional Meteorological Conditions for Design and Operating Bases
2.4.1.2.1 Heavy Precipitation

The maximum 24-hour rainfall at Roswell was 5.65 inches (14.4 cm) in November 1901.% The
maximum 24-hour snowfall in Roswell was 15.3 inches (38.9 cm) in December 1960. The greatest
snowfall during a 1-month period was 23.3 inches (59.2 cm) in February 1905.°

2.4.1.2.2 Thunderstorms and Hail

The region has about 40 thunderstorm days annually. About 87.5% of these occur from May to
September.> A thunderstorm day is recorded if thunder is heard; but, the thunderstorm record is not
related to observations of rain or lightning and does not indicate the severity of storms in the region.

Hail usually occurs in April through June and is not likely to develop more than three times a year.
During a 39-year period at Roswell, hail was observed 97 times (about 2.5 times a year), occurring
nearly two thirds of the time between April and June.* For the 1° square (32° to 33° N by 103° to
104°W) surrounding the WIPP facility, hailstones 0.75 inches (1.9 cm) and larger were reported eight
times from 1955 to 1967 (slightly less than once a year).

2.4.1.2.3 Tornadoes

For the period 1916-1958, 75 tornadoes were reported in New Mexico on 58 tornado days.” Data for
1953 through 1976 indicate a state wide total of 205 tornadoes on 152 tornado days,® or an average
of 9 tornadoes a year on 6 tornado days. The greatest number of tornadoes in 1 year was 18 in 1972;
the least was 0 in 1953. The average tornado density in New Mexico during this period was 0.7 per
1,000 mi* (2,590 km?). Most tornadoes occur in May and June.” From 1955 through 1967, 15
tornadoes were reported within the 1° square containing the WIPP surface facility.®
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H.C.S. Thom has developed a procedure for estimating the probability of a tornado striking a given
point.” The method uses a mean tornado path length and width and a site specific frequency. Applying
Thom's method to the WIPP facility yields a point probability of 0.00081 on an annual basis, or a
recurrence interval of 1,235 years. An analysis by Fujita yields a point tornado recurrence interval of
2,832 years in the Pecos River Valley."

According to Fujita, the WIPP design basis tornado with a million year return period has a maximum
wind speed of 183 mi/h (294.6 km/hr), translational velocity of 41 mi/h (66 km/hr), a maximum
rotational velocity radius of 325 ft (99.1 km), a pressure drop of 0.5 1b/in* (3.4 kPa), and a pressure
drop rate of 0.09 1b/in*/s (0.62 kPa/s).

24.1.2.4 Freezing Precipitation

The region of the WIPP facility has about 1 day of freezing rain or drizzle a year.* An ice
accumulation of more than 0.25 inch (0.63 cm) has not been observed. Any ice accumulation that does
occur is thin because of the scarcity of precipitation during the winter months and because daytime
temperatures rise well above freezing.

2.4.1.2.5 Strong Winds

The maximum 1-min wind speeds recorded at Roswell are shown in Table 2.4-1. The fastest 1-min
wind ever recorded at Roswell was 75 mi/h (120.7 km/h) from the west in April 1953."" Windstorms
with speeds of 50 knots (93 km/hr) or more occurred ten times (during the period between 1955 and
1967) about one a year.” The mean recurrence interval for annual high winds at 30 ft (9.1 m) above
the ground in south eastern New Mexico is shown in Table 2.4-2.%!* The 100-year recurrence 30-foot
(9.1 m) level wind speed in southeastern New Mexico is 82 mi/h (132 km/hr). Based on a gust factor
of 1.3," the highest instantaneous gust expected once in 100 years at 30 ft (9.1 m) above grade is

107 mi/h (172.2 km/h). The vertical wind profile for two 100-year recurrence intervals has been
estimated from the 30-foot (9.1 m) values using the 1/7 power law'® and is presented in Table 2.4-2.

2.4.1.2.6 Restrictive Dispersion Conditions

Hosler* and Holzworth" analyze records from several National Weather Service stations with the
objectives of characterizing atmospheric dispersion potential. Seasonal and annual frequencies of
inversions based at or below 500 ft (152.4 m) for the WIPP facility region are shown in Table 2.5-3.
Most of these inversions are diurnal (radiation-induced) and occur because the radiation cooling at the
earth's surface is increased by conditions that frequently exist at the WIPP facility. The conditions are
lack of moisture, clear skies and low air density. When these conditions exist in the early morning,
radiation lost from the surface is not adequately absorbed and reradiated by upper level air to heat the
air at the surface sufficiently. Consequently, the air at the surface quickly becomes cooler than the
upper level air and the colder surface air becomes trapped.

Holzworth gives estimates of the average depth of vertical mixing, which indicates the thickness of the
atmospheric layer available for the mixing and dispersion of effluents.”> The seasonal afternoon mixing
heights for the region (Table 2.4-4) range from 1,320 meters (4,329.6 ft) in winter to 3,050 meters
(10,004 ft) in summer. Seasonal morning mixing heights in the region range from 300 meters (984 ft)
in winter to 680 meters (2,230.4 ft) in summer.
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2.4.1.2.7 Sandstorms

Blowing dust or sand may occur occasionally in the region due to the combination of strong winds,
sparse vegetation and the semiarid climate. High winds associated with thunderstorms are frequently a
source of localized blowing dust. Dust storms covering an extensive area are rare, and those that
reduce visibility to less than 1 mi (1.6 km) occur only with the strongest pressure gradients such as
those associated with intense extratropical cyclones which occasionally form in the region during
winter and early spring. Winds of 50 to 60 mi/h (80.5 to 96.6 km/h) and higher may persist for
several days if these pressure systems become stationary.® Ten windstorms of 58 mi/h (93.4 km/h) and
greater were reported during 1955-1967 within the 1° square in which the WIPP facility is located.’
Blowing dust or sand may reduce visibility to less than 5 mi (8.0 km) over an area of thousands of
square miles. However, restrictions of less than 1 mi (1.6 km) are quite localized and depend on soil
type, conditions, cultivation practices and vegetation in the immediate area.’

2.4.1.2.8 Snow

The 100-year recurrence maximum snowpack for the WIPP facility region is 10 1b/ft* (0.5 kPa).* The
probable maximum winter precipitation (PMWP) in the WIPP facility region is taken to be the
probable maximum 48-hour precipitation during the winter months of December through February.
The PMWP for the WIPP facility is estimated to be 12.8 inches (32.5 cm) of rain (i.e., 66 1b/ft* or 3.2
kPa).'®!" The snowload for the WIPP facility is calculated (ground level equivalent) to be 27 Ib/ft* (1.3
kPa). Specific roof loads are estimated based on ANSI's methodology. '

2.4.2 Local Meteorology
2.4.2.1 Data Sources

On site meteorological data (hourly) are used to characterize the local meteorology of the WIPP
facility.

2.4.2.2 Temperature Summary

Temperatures are moderate throughout the year, although seasonal changes are distinct. The mean
annual temperature in southeastern New Mexico is 63°F (17.2°C). In the winter (December through
February), night-time lows average near 23°F (-5°C), and average maxima are in the 50s. The lowest
recorded temperature at the nearest Class-A weather station in Roswell was -29°F (-33.8°C) in
February 1905. In the summer (June through August), the day-time temperature exceeds 90°F
(32.2°C) approximately 75 percent of the time.! The National Weather Service documented a
measurement of 122°F (50°C) at the WIPP site as the record high temperature for New Mexico. This
measurement occurred on June 27, 1994. Table 2.4-5 shows the annual average, maximum, and
minimum temperatures from 1990 through 1994.
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2.4.2.3 Precipitation Summary

Precipitation is light and unevenly distributed throughout the year, averaging 13 inches (33
centimeters) for the past five years. Winter is the season of least precipitation, averaging less than 0.6
inches (1.5 centimeters) of rainfall per month. Snow averages about 5 inches (13 centimeters) per year
at the site and seldom remains on the ground for more than a day at a time because of the typically
above-freezing temperatures in the afternoon. Approximately half the annual precipitation comes from
frequent thunderstorms in June through September. Rains are usually brief but occasionally intense
when moisture from the Gulf of Mexico spreads over the region.! Monthly average, maximum, and
minimum precipitations recorded at the WIPP site from 1990 through 1994 are summarized in

Figure 2.4-1.

2.4.2.4 Wind Speed and Wind Direction Summary

The frequencies of wind speeds and directions are depicted by windroses in Figures 2.4-2 through
2.4-6 for the WIPP site, and Figures 2.4-7 through 2.4-11 for Carlsbad, New Mexico. In general, the
predominant wind direction at the WIPP site is from the southeast, and the predominant wind
directions in Carlsbad are from the south, southeast, and west.

2.4.2.5 Topography

The land surface in the vicinity of the WIPP facility is a semiarid, wind blown plain sloping gently to
the west and southwest. Its surface is made somewhat hummocky by an abundance of sand ridges and
dunes. The average slope within a 3-mile (4.8 km) radius is about 50 ft/mi (9.5 m/km) from the east

to west.

A plot of terrain profiles from the center of the WIPP facility out to 5 miles (8.1 km) is presented in
Figure 2.4-12 for each of the 16 direction sectors.
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Figure 2.4-1,

Monthly Precipitation for the WIPP Site from 1990 through 1994
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Figure 2.4-2, 1990 Annual Windrose - WIPP Site (figure unavailable)
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Figure 2.4-3, 1991 Annual Windrose - WIPP Site
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Figure 2.4-4, 1992 Annual Windrose - WIPP Site
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Figure 2.4-5, 1993 Annual Windrose - WIPP Site
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Figure 2.4-6, 1994 Annual Windrose - WIPP Site
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Figure 2.4-7,

1990 Annual Windrose - Carlsbad
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1991 Annual Windrose - Carlsbad
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Figure 2.4-9, 1992 Annual Windrose - Carlsbad
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Figure 2.4-10, 1993 Annual Windrose - Carlsbad
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Figure 2.4-12B, Terrain Elevations Out to 5 Miles from Center of the WIPP Facility
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Figure 2.4-12C, Terrain Elevations Out to 5 Miles from Center of the WIPP Facility
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Figure 2.4-12D, Terrain Elevations Out to 5 Miles from Center of the WIPP Facility
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Table 2.4-1, Maximum Wind Speeds for Roswell, New Mexico*

Max wind Max wind
Month speed, mph Month speed, mph
January 67 July 66
February 70 August 72
March 66 September 54
April 75 October 66
May 72 November 65**
June 73 December 72

*Climates of the States, Vol. 2 - Western States, Roswell, NM, U.S. National Oceanic and
Atmospheric Administration (NOAA), Water Information Center, Inc., Asheville, NC, 1974,
p. 804.Local Climatological Data, Annual Summary 1985, Roswell, NM, NOAA-ED.

**Qccurred more than once.
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Table 2.4-2, Recurrence Intervals for High Winds in Southeastern New Mexico*

Speed, mph
Recurrence, years 30' 50' 100" 150
2 58 62 65 73
10 68 73 81 86
25 72 77 86 91
50 80 86 95 101
100 82 88 97 103

*Q. G. Sutton, Micrometeorology (McGraw-Hill Book Co., Inc., New York, 1953), p. 238.
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Table 2.4-3, Seasonal Frequencies of Inversions*

Inversion frequency

Season (% of total hours) Maximum % **
Spring 32 65
Summer 25 68
Fall 35 72
Winter 46 78
Annual 35 70

*C. R. Hosler, "Low-Level Inversion Frequency in the Contiguous United States," Monthly Weather

Review, 89 (9) (1961).

**Frequency of 24-hour periods with at least 1 hour of inversion based at or below 500 feet.
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Table 2.4-4, Seasonal Values of Mean Mixing Heights*

Mean afternoon = Mean morning

Season mixing height, m mixing height, in.
Spring 2800 480
Summer 3050 680
Fall 2000 440
Winter 1320 300
Annual 2400 470

*QG. C. Holzworth, Mixing Heights, Wind Speeds and Potential for Urban Air Pollution Throughout
the Contiguous United States, U.S. Environmental Protection Agency (EPA), Research Triangle Park,
NC (1972).
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Table 2.4-5, Annual Average, Maximum, and Minimum Temperatures

Annual Average Maximum Minimum
Temperature Temperature Temperature
Year (cC) F) (cC) (°F) 0 (°F)
1990 17.8 64.0 46.1 115.0 -13.9 7.0
1991 17.2 63.0 42.8 109.0 -7.8 18.0
1992 17.2 63.0 42.8 109.0 -10.0 14.0
1993 17.8 64.0 42.8 109.0 -18.9 -2.0
1994 17.8 64.0 50.0 122.0 -14.4 6.0
Average 17.6 63.6 44.9 112.8 -13.0 8.6

Source: WIPP Annual Site Environmental Report for Calendar Years 1990 through 1994 (Draft)
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2.5 Vibratory Ground Motion

This section is directed towards establishing the seismic design basis for vibratory ground motion
directly applicable to Design Class I and II confinement structures and components at the WIPP
facility. The application of the results contained in this section to seismic design of plant facilities is
discussed in Section 3.2.7. This presentation is aimed at conservatively estimating the Design Basis
Earthquake (DBE) for the WIPP site facility.

The approach used in this analysis is to develop a probabilistic peak acceleration to be used in design.
This peak acceleration is derived from a correlation between historical earthquake activity and various
active geologic structures and tectonic provinces. These results are used to establish the site's DBE in
Section 2.5.5.

2.5.1 Seismicity

In this section, data are presented for earthquakes within 180 miles (290 km) of the WIPP facility.

This area is defined as the WIPP facility region for this discussion. The information for the WIPP
facility region earthquakes before 1962 is based on chronicles of the effects of those tremors on people,
structures and land forms (called macroseismic evidence). Virtually all information on earthquakes
occurring after the beginning of 1962 in the WIPP facility region is derived from instrumental data
recorded at various seismograph stations.

2.5.1.1 Pre-1962 Earthquake Data

Most earthquakes reported in New Mexico before 1962 occurred in the Rio Grande Valley area
between Albuquerque and Socorro, a distance of more than 186 miles (300 km) from the WIPP site.
About half of the earthquakes of Modified Mercalli Intensity (MMI) V or greater in New Mexico
between 1868 and 1973 were in this region. In conformity with previous studies,'? those events are
not of immediate concern to this study. There has been one earthquake associated with moderate to
considerable damage (intensity VIII) prior to 1962 within the WIPP facility region. The Valentine,
Texas earthquake of 1931, occurred about 120 miles (193 km) south-southwest of the location of the
WIPP facility. The area within 120 miles (193 km) of the WIPP facility has experienced only low-
intensity earthquakes (intensity V or less).

Figure 2.5-1 shows locations of earthquakes occurring before 1962 within 186 miles (300 km of the
WIPP site. These epicenters were assigned on the basis of macroseismic evidence and are also listed
in Table 2.5-1. Supplemental descriptive material for most of those events is provided primarily by
Sanford and Toppozada ' and other sources.*’” All intensities listed in Table 2.5-1 are Modified
Mercalli Intensities.” An abridged version of this scale is presented in Table 2.5-2.

The Valentine, Texas earthquake of August 16, 1931 was large enough to generate significant interest
so that much more data are available for that event. A number of isoseismal maps were compiled soon
after its occurrence. >’ Recently, Sanford and Toppozada assigned MMI on the basis of descriptions
of the effects of this event and plotted the resulting isoseismal map reproduced in Figure 2.5-2.

Several features of this plot are noteworthy. First, according to Figure 2.5-2, the intensity location of
the WIPP facility from this earthquake was V. Second, isoseismal lines close to the zone of the highest
intensity are elongated northwest-southeast conforming to the structural integrity of the region.
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Two instrumental locations have been published for the Valentine, Texas earthquake. The United
States Coast and Geodetic Survey (USCGS) places the epicenter at 29.9N and 104.2W with an origin
time of 11:40:15 Greenwich Mean Time (GMT).? Byerly’ made a detailed instrumental investigation
of that earthquake and found the epicenter to be 30.9N and 104.2W with an origin time of 11:40:21
GMT. Byerly's’ epicenter, 66 miles (106 km) north of the USCGS epicenter, is somewhat closer to
the region of highest reported intensity and may for this reason be considered the more accurate of the
two.! These two instrumental epicenters are plotted in Figure 2.5-2. Although neither of these
instrumental locations is particularly close to Valentine, Texas, the USCGS and Byerly epicenters
bracket the area of maximum reported intensity fairly well. For the purposes of Figure 2.5-1,
Valentine, Texas has been adopted for the location of both the main earthquake and its aftershocks in
agreement with Sanford and Toppozada.'

The area over which an earthquake is perceptible can be used to estimate its magnitude.'®!! If a felt
area of 4.5 x 10° mi* (1.2 x 10% km?) is accepted as reported by the USCGS,° and a magnitude felt area
formula for the central United States and Rocky Mountain region is used,"' a magnitude of about 6.4 is
calculated for the Valentine, Texas earthquake. This result is compatible with the maximum intensity
reported for the shock® and is the same as the magnitude for this event calculated at Pasadena,
California. "

2.5.1.2 Comprehensive Listing of Earthquakes From All Studies - January 1, 1962 through
September 30, 1986

Presented in Table 2.5-3 is a listing of earthquake origin times, locations, and magnitudes, based on
instrumental data gathered and analyzed by a number of different organizations. The listing is for
earthquakes within the WIPP facility region for the 24 3/4 year interval from January 1, 1962 through
September 30, 1986. The organization providing the earthquake parameters listed in the table is
identified by an X in the appropriate column. Organizations providing data for the table were as
follows:

® New Mexico Institute of Mining and Technology (NMT)

® U.S. Geological Survey (USGS)

® [.os Alamos National Laboratory (LANL)

® Albuquerque Seismological Laboratory (ASL)

® University of Texas at Austin (UTA)

® University of Texas at El Paso (UTEP).

2.5.1.2.1 Magnitudes

Recent seismic events occurred at WIPP on January 2, 1992 and April 13, 1995. These events had
magnitudes of 5.0 and 5.4 respectively. The January 2, 1992 Rattlesnake Canyon Earthquake had an
epicenter located 37 miles (60 km) east southeast of the WIPP site. The Rattlesnake Canyon
Earthquake and the April 13, 1995 earthquake had no effect on any of the structures at WIPP, as
documented by post event inspections by the WIPP staff and the New Mexico Environment

Department. These events were within the parameters used to develop the seismic risk assessment of
the WIPP structures (Section 2.5.5). The Rattlesnake Canyon event likely was tectonic in origin
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based on a 7 +/- mile (12+/- km) depth. (Ref Part B Permit Application, Rev. 5, Appendix D6,
Section D6-4 Seismicity)

Up to August 1981, NMT calculated magnitudes differently than other organizations. As a result,
systematic differences in calculated magnitudes were observed. In Table 2.5-3, all magnitudes
calculated by organizations other than NMT were modified by applying corrections. In all cases, these
modifications reduced the reported magnitude by amounts ranging from 0.3 to 0.5.

After August 1981, NMT started using a magnitude scale based on the duration (t,) of the recorded
signal from onset of the P phase to when the trace amplitude approaches background noise. The
equation used,

M, = 2.79 log t, - 3.63

was derived by LANL researchers® and determined to be equivalent to the Richter local magnitude
scale for earthquakes in northern New Mexico. Ake and Sanford'® established that the LANL formula
can be applied to earthquakes in central New Mexico which fall in the local magnitude range of 1.1 to
4.2. A careful study of the applicability of the formula to earthquakes in southeastern New Mexico
and west Texas has not been made.

However, random comparisons between magnitudes calculated from the amplitude of S, (Shear Wave)
and duration of ground motion in the time period 1962 to 1974 indicate general consensus good
agreement (within 0.3 magnitude units) between the two methods.

Most recurrence formulas in Section 2.5.4.2 are based on the earthquake data set included in Table
2.5-3, but at lower magnitudes. Therefore, the latest listing of events within the WIPP facility region
does not require an upward revision in earthquake risk or the DBE.

2.5.1.2.2 Completeness of the Earthquake Data Set

From January 1, 1962 to April 5, 1974, events in the WIPP facility region were located by readings
from stations generally several hundred miles from the epicenter. On April 5, 1974, a single station
(CLN) was established near the center location of the WIPP facility which continued operation to
September 1980. These stations are plotted in Figure 2.5-3. From November 1975 to late 1979, a
seismograph array was in operation near Kermit, Texas. These are shown in Figure 2.5-4.

A small network of stations centered in the Davis Mountains of West Texas was operated by the UTA
from July 1977 to July 1978. No stations were running near the location of the WIPP facility from
shutdown of station CLN in September 1980 to startup of a three station network in August 1982. The
WIPP seismograph network was not fully operational until March 1983.

The histograms in Figure 2.5-5 illustrate how the shifts in instrumentation affected the completeness of
the earthquake data set presented in Table 2.5-3. The period from January 1, 1962 through September
30, 1986 was divided into eight time intervals of 1130 days, and the number of events greater than 3.0,
2.5, 2.0, and 1.5 were determined for each interval. The first four intervals (from January 1, 1962
through May 17, 1974) cover the period prior to installation of any stations at, or near the location of
the WIPP facility. The fifth and sixth intervals (from May 18, 1974 through July 24, 1980) cover the
period when station CLN, the Kermit array, and the UTA networks were in operation. Most of the
seventh interval (from July 25, 1980 to August 28, 1983) covers the period between shutdown of

2.5-3 November 19, 1999



WIPP SAR DOE/WIPP-95-2065 REV. 4 CHAPTER 2

station CLN and startup of the WIPP seismographic network. During the last interval (from August
29, 1983 through September 30, 1986) the WIPP array was fully operational.

The histogram in Figure 2.5-5 for events with M3.0 (upper left) suggests a complete data set of this
magnitude level. The greatest number of events (6) occurred during the second interval (from
February 4, 1965 through March 9, 1968), a period when no seismograph was operating within

135 miles (217 km) of the location of the WIPP facility except station FOTX during the first 67 days of
the interval. (Station FOTX was located 72 miles (116 km) southeast of the WIPP facility). The least
number of earthquakes occurred in the first, third, and eighth intervals. The WIPP seismographic
network was fully operational during the eighth interval, but no seismic instrumentation within 135
miles (217 km) of the location of the WIPP facility existed during the first and third intervals except
station FOTX (in operation the last 228 days of the first interval). Because the number of observed
quakes with M3.0 does not correlate with the presence or absence of instrumentation at or near the
WIPP facility, the data set is believed to be complete at that strength level. If the data set is complete,
then the variations in activity observed in the histogram represent true temporal changes in the activity
rate for earthquakes with M3.0.

In the lower two histograms of Figure 2.5-5, the period of maximum instrumentation is even more
clearly defined by the increase in numbers of earthquakes during the fifth and sixth time intervals. In
summary, the general shape of the histograms relative to temporal changes in instrumentation indicates
the data set is probably complete above magnitude 2.7, and that it becomes progressively less complete
at lower magnitudes.

2.5.1.2.3 Recurrence Interval Formulas

Many studies have demonstrated a linear relation between the logarithm of the cumulative number of
earthquakes (N) and the magnitude (M), i.e.,

log N = a - bM.

The values of the constants "a" and "b" are derived from existing earthquake data by plotting log

N versus M and performing linear regression on those points that fall above the minimum magnitude
where the data set is complete. The formulas obtained in this manner can be extrapolated to determine
the recurrence interval for the maximum probable earthquake in the region. Section 2.5.4.2 describes
in some detail how these relations can be used in establishing risk and ultimately the DBE.

Shown in Figures 2.5-6 and 2.5-7 is a log N versus M plot for the combined time periods from
January 1, 1962 through September 30, 1986. Seismographs were not in operation near the WIPP
facility from July 24, 1980 to August 29, 1983. Linear regression for data points greater than
magnitude 1.9 yields the recurrence equation,

log N =4.05-1.01 M.

The value of "b," 1.01, is three percent less than that obtained by Sanford et al. (1.04) using data for
the 3 1/4 year period, April 1974 through June 1977. The "a" values cannot be compared because

(1) the magnitudes in Table 2.5-3 are on the average approximately 0.4 less than those listed in
Sanford et al.,* (2) the time period is approximately three times greater here than in Sanford et al,* and
(3) the degree of activity at the M2.0 strength level was not as great in later periods as it was from
April 1974 through June 1977 (see histograms in Figure 2.5-5).
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2.5.1.2.4 Geographic Distribution of Earthquakes

Table 2.5-3 differs in another important way from earlier listings of earthquakes within 180 miles (290
km) of the WIPP facility. All but a few shocks in the table have epicenters determined by the
algorithm HYPO 71 Revised," rather than by the circle-arc method. The locations from the latter
method were retained only when a satisfactory solution could not be obtained from HYPO 71.%
Inclusion of crustal shear wave (Sg) arrival time readings in the HYPO 71* program probably makes it
superior to the circle-arc method.

The accuracy of locations in Table 2.5-3 depends on many variables: the number, distance, and
distribution of stations providing readings for the solution, and the quality of crustal compressional
wave (Pg) and Sg phases picked. For the events that occurred within or near arrays of stations,
primarily during the period April 1974 through September 1980, the accuracy of locations is reliable.
However, for most of the earthquakes during the 24 3/4 year period, the locations depended on
readings from stations several hundred kilometers away, falling in a narrow azimuthal range relative to
the epicenter. The error in location under these circumstances can be considerable. However, even in
the worst case (generally earthquakes in the far southern and southeastern regions of the study area) the
locations are believed to be within +16 miles (425 km).

Figure 2.5-8 is a map showing all epicenters listed in Table 2.5-3. The distribution of earthquake
activity in this figure is compatible with the boundaries of source regions discussed in Section 2.5.4.1.
On the basis of the seismic activity, the eastern boundary of the Rio Grande rift source zone can be
placed at the boundary proposed by Algermissen and Perkins®! or at the alternate boundary proposed in
Section 2.5.4.1. The later boundary is clearly less well-defined by seismic activity than the
Algermissen and Perkins boundary.

All boundaries proposed for the Central Basin Platform (CBP) in Section 2.5.4.1 are generally
compatible with the distribution of earthquake activity in Figure 2.5-8, but none are totally satisfactory.
The earthquake epicenters in the vicinity of the CBP appear to require enlargement of the source zone
to the southwest and contraction to the east and northeast. The nearest approach of CAP seismicity to
the WIPP site appears to be east of boundaries proposed by Algermissen and Perkins* and those
suggested by geologic and tectonic consideration.

Figure 2.5-9 is a map showing epicenters from Table 2.5-3 that fall in the time period April 5, 1974
through October 6, 1978. To some extent, the maps presented in Figures 2.5-8 and 2.5-9 distort the
distribution of seismic activity. Detection of smaller quakes in the data set was variable in space and
time as a result of changes in the numbers and distribution of seismograph stations. To avoid this
problem, Figure 2.5-10 shows only epicenters for earthquakes with M >2.5, a cut-off level only
slightly below the magnitude at which the data set is believed complete.

The temporal variability of earthquake activity on the CAP and elsewhere within 180 miles (290 km) of
the WIPP facility is illustrated in Figures 2.5-11 through 2.5-18. Plotted in these figures are epicenters
for events with M2.5 which occurred in eight sequential time periods, each of 1130 days duration from
January 1, 1962 to September 30, 1986.

2.5.2 Geologic Structures and Tectonic Activity

A study of the WIPP facility region suggests a fundamental geologic and tectonic separation into two
significantly different subregions: (1) the Permian Basin and (2) the Basin and Range subregions. The
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geologic structures and tectonism of the Permian Basin are dominantly associated with large-scale
basin, interbasin and basin margin subsidence or emergence that occurred during the Paleozoic era.
Basin and Range structures and tectonism to the west are those associated with Basin and Range
topography. The activity characteristic of this subregion began in middle to late Tertiary time and is
probably still occurring to some extent.

The Permian Basin subregion is defined as that part of the Permian Basin within the site region. The
WIPP facility is slightly more than 60 miles (97 km) from the western margin of the Permian Basin
(Figure 2.5-19). The Permian Basin is a broad structural feature made up of a series of Paleozoic
sedimentary basins whose last episodes of large-scale subsidence during late Permian time were
associated with a thick accumulation of evaporites. This basin now exists as a subsurface structural
feature extending roughly from the Amarillo uplift on the north to the Marathon thrust belt on the south
and some 300 miles (483 km) eastward from the Diablo platform and Sacramento and Guadalupe
Mountain areas into west-central Texas.”

The development of the Permian Basin began with the formation of a broad sag (named the Tobosa
basin®*) following deposition of lower Ordovician strata. Prior to the late Mississippian, several
periods of minor folding, faulting and uplift with erosion occurred. Nevertheless, general structural
stability prevailed.’>>">* Subsequently, tectonic activity accelerated in the area climaxing in late
Pennsylvanian and was split into two rapidly subsiding basins (the Midland to the east and the
Delaware to the west) by the medial Central Basin Platform.” Structural development of the Permian
Basin within this framework continued until late Permian when broad-scale basement stabilization
occurred concurrently with evaporite deposition.

Thus, the major tectonic elements of the Permian Basin were completely formed before the deposition
of Permian salt-bearing rocks, and relative crustal stability of the region has been maintained since
Permian time. Since then, the Permian Basin has been characterized throughout the Mesozoic and
Cenozoic eras by erosional processes interrupted by only minor episodes of terrestrial and shallow
water deposition. Regionally, the Permian Basin has been tilted and warped, but deep-seated faults
since Permian time are rare except along the western margin of the basin outside the area of salt
preservation. In areas where salt is near the surface, such as southeastern New Mexico, there are no
indication of younger deep-seated faulting and only a few isolated igneous intrusives of post-Permian
age.”

The Basin and Range subregion is defined as that part of the Basin and Range physiographic province
within the site region. As shown in Figure 2.5-19, this subregion borders the western margin of the
Permian Basin subregion to the west and southwest of the site. The Basin and Range subregion is
characterized by fault block mountain ranges, many of which are bounded on the west by major high-
angle normal fault systems. Uplift along these fault systems has resulted in gentle eastward tilting of
the mountain blocks and the formation of intermontane or graben-like valleys. Major development of
these characteristic structural features occurred from late Tertiary into early Pleistocene time.>*>'2
Continued tectonism in the Basin and Range subregion is suggested by widely scattered Quaternary
fault offsets on the order one to several meters. A number of fault offsets of this age along the western
flanks of the Guadalupe, Delaware, Sacramento and San Andres mountains are described in the
literature.***7°%-32 More recently, additional but similar fault systems have been found and described
within the Basin and Range physiographic province in Trans-Pecos, Texas.?®

The different physiographies of the two site subregions, as defined and briefly described above, are

closely related to their distinctive geologic histories and structural configurations. This is suggested by
Figure 2.5-20 which shows the boundary between the great Plains and Basin and Range physiographic
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provinces.”*>"* For this reason, Figure 2.5-19 is a good approximation to the boundary between the
Permian Basin and Basin and Range subregions as suggested by the geologic evidence just outlined.

The results of a 1978 leveling survey between El Paso, Texas and Carlsbad, New Mexico,” are
consistent with this geologically suggested regional separation. Comparison of this survey with
previous leveling surveys along the same route carried out in 1934, 1943 and 1958, indicates that the
Diablo Plateau region of Trans-Pecos, Texas (in the Basin and Range subregion as defined above) has
been uplifted approximately 4 to 5 centimeters during this interval in archlike fashion in relation to the
end points of the survey. Extending east from El Paso, the leveling route traverses Basin and Range
subregion-type structures including the Hueco Basin, the Hueco Mountains, the Diablo Plateau, the
Salt Basin and the Guadalupe Mountains before terminating on the High Plains in the Permian Basin
subregion near Carlsbad. The observed relative uplift correlates well with the broad aspects of the
tectonic evolution of the Diablo Plateau. The observed elevation changes are most easily attributed to
deep-seated tectonic activity.”

The observed movements along the El Paso - Carlsbad line are not the largest in the area. Movements
along the Roswell-Pecos line, which is entirely within and near the western margin of the Permian
Basin subregion, are larger (Figure 5 of Reference 42). However, the movements on this route, which
runs along a railroad near the Pecos River, are probably dominated by artificial water withdrawal.*®*’
Carlsbad appears to be relatively "inactive" with respect to Roswell, which is located well outside
regions of known neotectonic activity.?

In summary, the WIPP facility region leveling data are consistent with the geologic evidence in that
they suggest current tectonic activity in the Basin and Range subregion and current stability in the
Permian Basin subregion. Because current tectonic activity implies crustal movement that in turn
implies elastic strain accumulation and release, earthquakes are often considered a barometer of
tectonic activity. The occurrence of more frequent and larger earthquakes is thus consistent with a
higher level of tectonism.

Earthquakes occurring between 1923 and 1979 and between April 1974 and February 1979 are
superimposed on the suggested site subregions in Figures 2.5-19 and 2.5-21, respectively. From
Figure 2.5-19 it may be seen that most pre-instrumental and a substantial proportion of 1962 to 1977
instrumental earthquakes are located in the Basin and Range subregion. In the Permian Basin
subregion, an important cluster of instrumental epicenters occurs on the Central Basin Platform, and a
thin scattering of both instrumental and pre-instrumental events appears throughout the rest of this
subregion. In the case of pre-instrumental events in the WIPP facility region, this distribution of
shocks may be at least partly controlled by a population density that has always been greatest along the
Rio Grande rift (within the Basin and Range subregion). A somewhat similar pattern appears in Figure
2.5-21, although in this figure (for which the smaller magnitude events on the Central Basin Platform
have been made recordable by the inclusion of data from station CLN at the location of the WIPP
facility) the recent predominance of the Central Basin Platform in terms of the total number of
recorded events is apparent. The largest recorded earthquake in the Basin and Range subregion is the
1931 Valentine, Texas event whose magnitude is estimated to be about 6.4. The largest event on the
Central Basin Platform is of magnitude 3 to 4 depending upon precisely how magnitudes of events in
these areas are calculated. The largest event in the Permian Basin subregion but, not on or near the
Central Basin Platform, was the 16 June 1978 event near Snyder, Texas, at the extreme eastern margin
of the site region. This event was about 4.7 in magnitude.

Based on 11 years of instrumental data (1962 - 1972 inclusive), analysis of earthquakes throughout

New Mexico of magnitude greater than or equal to 2.5 (which are believed to have been uniformly
located during this interval) indicates a roughly comparable level of earthquake activity in the inactive

2.5-7 November 19, 1999



WIPP SAR DOE/WIPP-95-2065 REV. 4 CHAPTER 2

and in the active physiographic provinces.>'® This result must further qualify the confidence with
which the modest differences in historical seismicity levels (in terms of number of events) in the
(inactive) Permian Basin and (active) Basin and Range subregions can be argued to be significant.

Thus, in light of geologic evidence and consistent recent leveling survey data, the Basin and Range
subregion, as shown in Figures 2.5-19 or 2.5-21, exhibits a higher level of recent tectonism than the
Permian Basin subregion. This is supported by the maximum magnitude earthquakes occurring in
these subregions during historical time. The distribution of all known site region earthquakes shows
that, with the exception of the Central Basin Platform area, the Permian Basin subregion has
experienced marginally fewer events than the Basin and Range subregion. A significant cluster of
small events is located along the Central Basin Platform.

2.5.3 Correlation of Earthquake Activity with Geologic Structures or Tectonic Provinces

The best available evidence does not suggest that recorded earthquakes have been well correlated with
faults anywhere in the WIPP facility region. This is true for both the surface faults of the Basin and
Range subregion (a number of which show evidence of Quaternary movement) and for the geologically
older subsurface faults in the Permian Basin subregion.

Although no earthquakes in the WIPP facility region are known to be correlated to specific faults, a
substantial cluster of seismic activity has occurred on and near the Central Basin Platform since about
the mid-1960s. This suggests division of the Permian Basin subregion into a Central Basin Platform
portion and a background portion. The seismicity pattern leading to this suggestion is made fairly
explicit in Figures 2.5-19 and 2.5-21. There is no known evidence of any differences since late
Permian time in the geologic histories of the Central Basin Platform and surrounding portions of the
Permian Basin (Sections 2.5.2 ). In addition, there does not appear to be enough data at present to
convincingly determine the direction of tectonic forces and the type of faulting on the Central Basin
Platform;* therefore, this information could not be used to distinguish the Central Basin Platform.
First Shurbet, " and later Sanford and Toppozada' and Rogers and Malkiel® suggested that Central
Basin platform earthquakes are not tectonic but are instead related to water injection and withdrawal for
secondary recovery operations in oil fields in the Central Basin Platform area. Such a mechanism for
the Central Basin Platform seismic activity could provide a reason why the Central Basin Platform is
separable from the rest of the Permian Basin on the basis of seismicity data but not by using other
common indicators of tectonic character. Both the spatial and temporal association of Central Basin
Platform seismicity with secondary recovery projects at oil fields in the area are suggestive of some
cause and effect relationship of this type."

In summary, the best available evidence does not suggest that known earthquakes are well correlated
with faults in the WIPP facility region. A substantial number of earthquakes have occurred on and
near the Central Basin Platform since about the mid-1960s. The cause of the spatial coincidence of
recent seismicity with this buried large-scale Paleozoic structure is not known. With this exception,
WIPP facility region earthquakes may be correlated with two tectonic provinces for the purposes of
this study. The first is a relatively inactive province made up of the eastern and northeastern two-
thirds (approximately) of the WIPP facility region (and encompassing the WIPP facility). The other
WIPP facility region tectonic province is a relatively inactive province made up of the rest of the WIPP
facility region. A simple and reasonable model of these two general WIPP facility region tectonic
provinces is furnished by the Permian Basin/Basin and Range subregion characterization of

Section 2.5.2.
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2.5.4 Probabilistic Earthquake Potential

In recent years, several procedures have been developed that allow formal determination to be made of
earthquake probabilistic design parameters®™* and a number of studies have been performed
incorporating these procedures*** In typical seismic risk analyses of this kind, the region of study is
divided into seismic source areas within which future events are considered equally likely to occur at
any location. For each seismic source area, the rate of occurrence of event above a chosen threshold
level is estimated using the observed frequency of historical events. The sizes of successive events in
each source are assumed to be independent and exponentially distributed; the slope of the log number
versus frequency relationship is estimated from the relative frequency of different sizes of events
observed in the historical data. This slope, often termed the b value,'® is determined either for each
seismic source individually or for all sources in the region jointly. Finally, the maximum possible size
of events for each source is determined, using judgment and the historical record.”” Thus, all
assumptions underlying a measure of earthquake risk potential derived from this type of analysis are
explicit, and a wide range of assumptions may be employed in the analysis procedure.

In this section, the particular earthquake risk parameter calculated is peak acceleration expressed as a
function of annual probability of being exceeded at the WIPP site. The particular analysis procedure
applied to the calculation of this probabilistic peak acceleration is taken from a computer program
written by McGuire.® In that program the seismic source zones are modeled geometrically as
quadrilaterals of arbitrary shape. Contributions to site earthquake risk from individual source zones
are integrated into the probability distribution of acceleration, and the average annual probability of
exceedence then follows directly. The theory and mechanics of McGuire's computer program may be
found in a number of papers,*** so they are not outlined here.

In the analysis, input parameters at each stage of the development are taken from the best conservative
estimates. Where more than one good estimate exists, alternative values are examined. The principal
input parameters are: site region acceleration attenuation, source zone geometry, recurrence statistics,
and maximum magnitudes. Based on theses parameters, several curves showing probabilistic peak
acceleration are developed, and the conclusions that may be drawn from these curves are considered.
The data treated in this way are used to arrive at a general statement of risk from vibratory ground
motion at the site during its active phase of development and use.

2.5.4.1 Acceleration Attenuation

The first input parameters considered are those having to do with acceleration attenuation in the site
region as a function of earthquake magnitude and hypocentral distance. The risk analysis used in this
study employs an attenuation law of the form,

a = b, exp(b,M,) R-b’

where a is acceleration in cm/s?, M, is Richter local magnitude, and R is the distance in Kilometers. A
number of relationships of the above from exist in the literature.**® In all these studies, however, the
constants b, b,, and b, are found for data collected exclusively, or almost exclusively, west of the
Rocky Mountains and are therefore perhaps not directly applicable at the WIPP facility region.
Theoretical and empirical evidence indicates fundamental difference in acceleration attenuation between
the western and central parts of the United States.?*-***

The particular formula used in this study is based on a central United States model developed by
Nuttli.*** The formula coefficients b, = 17, b, = 0.92, and b; = 1.0 were selected as the best ones.
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Curves using these coefficients are shown in Figure 2.5-23. This adopted attenuation law represents a
conservative compromise between the estimated curves of various authors and the required form.?”***

Seismic Source Zones

Geologic, tectonic and seismic evidence indicates that three seismic source zones may be used to
adequately characterize the region. These are well approximated by the Basin and Range subregion,
the Permian Basin subregion exclusive of the Central Basin Platform, and the Central Basin Platform
itself. The seismic source zones are outlined in Figures 2.5-19 and 2.5-21. However, specific
boundaries are only intended to be simply defined approximations. For the purpose of earthquake risk
analysis at the WIPP facility, some measure of the effect of the likely uncertainty in these source zone
boundaries is desirable. Rather than allow the source zone boundaries to vary randomly by some
amount, alternative boundaries are used based on an independent analysis of the WIPP facility region.
These are taken from the study by Algermissen and Perkins of earthquake risks throughout the United
States,*! and were used in a previous analysis of WIPP site seismic risk by SNL." A detailed
discussion of how this characterization was developed and how it best fits recent estimates of site
region seismic properties may be found in that reference.

Site region seismic source zones after Algermissen and Perkins are shown in Figure 2.5-23.
Superposed on this figure are the earth-quake epicenters of Figure 2.5-1. It is clear from this
superposition that the zonation presented generally conforms with historical seismicity. The source
zonation of Figure 2.5-23 has no explicit analog to the Permian Basin subregion exclusive of the
Central Basin Platform. This is considered part of the broad background region.

Another estimate of the appropriateness of the source zones as drawn in Figure 2.5-23 can be obtained
from a consideration of Quaternary faulting. As shown in Figure 2.5-24, evidence of Quaternary fault
offset is almost, but not quite completely, contained within the two western seismic source zones of
Algermissen and Perkins. These two zones may be combined under the name "Rio Grande rift" since
they include the parts of those provinces significant to the evaluation of probabilistic acceleration at the
WIPP facility.

The general Algermissen and Perkins model, then, consists of three sources:
® The Rio Grande rift zone drawn by combining the western source zones as discussed above.
® The Central Basin Platform zone as shown in Figure 2.5-26.

® A WIPP site source zone centered at the site to model background seismicity in the High Plains.
The manner in which the irregular Algermissen and Perkins source zones are adapted to the
quadrilateral source zone configuration, which is required for the application of the seismic risk
analysis method as discussed above, is straightforward (Figure 2.5-25).

For the purposes of this study, some minor modifications of the Algermissen and Perkins source zones
were made. Geologic and tectonic evidence suggests that the physiographic boundary between the
Basin and Range and Great Plains provinces provides a good and conservative approximation of the
source zones as discussed in Sections 2.5.2 and 2.5.3. In addition, refined information from the
Kermit array® indicates that the geometry used to model the limits of the Central Basin Platform source
zone may be modified somewhat from the original preferred model for the WIPP site region seismic
source zones in this study. This model is preferred because it is based more completely on
consideration of geologic and tectonic information, as well as seismic data, and because it results in
more conservative development of risks at the WIPP facility.
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There is one purely geometrical issue to be resolved. It involves specifying a focal depth for events in
each of the model source zones. There is little doubt that the focal depths of earthquakes in the WIPP
facility region should be considered shallow. Early instrumental locations were achieved using an arc
intersection method employing travel-time-distance curves calculated from a given crustal model, and
the assumption of focal depths of five kilometers, 10 kilometers, or for later calculations, eight
kilometers. Good epicentral locations could generally be obtained under these assumptions.

Within the range discussed, (that is, focal depths to 10 kilometers) the issue of selecting a proper depth
for the probabilistic acceleration analysis at the WIPP site may be shown to be important only in the
site source zone itself. For example, the difference in hypocentral distance (the distance to be used in
the acceleration attenuation formula) for a closest approach event in the Central Basin Platform is only
1.05 kilometers in this depth range, assuming that the closest approach of this source zone is

35 kilometers as indicated by Figures 2.5-25 and 2.5-26. This is clearly the greatest difference of this
kind outside the WIPP facility source zone. Within the WIPP facility source zone the selection of focal
depth can be very important simply because the form of the attenuation law used asymptotically
approaches infinite acceleration at very small distances. This is certainly not mechanically realistic and
is not the intent of the empirical fitting process to an attenuation law of this form. A focal depth of five
kilometers is used in all source zones of this study including that of the site. For smaller hypocentral
distances, the form of the attenuation law adopted here severely exaggerates the importance of very
small, very close shocks, in the estimation of probabilistic acceleration at the WIPP site

(Figure 2.5-22).

2.5.4.2 Source Zone Recurrence Formulas and Maximum Magnitudes

The risk calculation procedure used in this study requires that earthquake recurrence rates for each
seismic source zone b