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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 analysisisthe
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 accessto adisposal site by any means other
than passive institutional controls, (2) performing maintenance operations or remedial actions at
asite, (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 amaterial emits nuclear radiation, usually given in terms of
the number of nuclear disintegrations occurring in agiven 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. Theratio 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. AsLow AsReasonably Achievable; radiation protection program for minimizing personnel
EXPOosUres.

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 isidentical to the
nucleus of a helium atom. It isthe least penetrating of the three common types of radiation;
alpha, beta, and gamma radiation, but has the highest ionization factor.

AMERICIUM-241. A transuranic element resulting from the beta decay of plutonium-241.
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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.

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, awaste form with physical and chemical characteristics that significantly
decrease the mobility of radionuclides, or amateria placed over and around waste, provided that
the material or structure substantially delays movement of water or radionuclides’ (40 CFR §
191.12). Barriersaso prevent or delay the movement of hazardous constituents.

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

BECQUEREL. A unitinthe 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. Asused in thisdocument, 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 growthsin
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.
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.
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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. Asaterm used with predictions or estimates, "conservative" means one in which the
uncertain inputs are used in away that overestimates an adverse impact.

CONSEQUENCE. Thedirect, 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. Theterm "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 sow, usually continuous, time-dependent movement of soil or rock; refersto the
geologic phenomenon experienced as the gradual flow of salt under compressive loading.

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

CRITICALITY. A stateinwhich 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 | solation
Pilot Plant repository have been backfilled and sealed.
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DEFENSE IN DEPTH. Defensein 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 isthe most severe design basis accident of
thistype and that produces the vibratory ground motion for which safety class items are designed
to remain functional. The DBE isthe 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 isthe most severe design basis accident of that type
applicable to the area under consideration. The DBT isthe 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. Thedesign 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. SeelLand Disposal.

DISPOSAL FACILITY. A facility or part of afacility into which hazardous waste isintentionally placed
and in which hazardous waste will remain after closure.

DISPOSAL PHASE. Theterm "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 systemis
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.

DOSE. A genera term used for brevity in place of dose equivalent, effective dose equivaent, committed
effective dose equivalent, etc.
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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 dosein rad in tissue, a quality factor, and all other
modifying factors at the location of interest. Expressed in rem.

DOSE RATE. Theradiation dose delivered per unit time (rem per hour).
DRIFT. A horizontal passageway in amine.

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. Atthe 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 areais surrounded by a five-strand barbed wire fence and
isrestricted for the use of DOE, its contractors and subcontractors in support of the WIPP
project. Thisareais 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 Areais 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 Sandard 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 afacility (DOE Standard 3009-94).

FAULT TREE. A tree-like cause-and-effect diagram of hypothetical events. Analysis of fault treesis
used to investigate failuresin a system or concept.

FILTER BANK. An arrangement of air filtersin series and/or parallel.
FISSILE. Describes anuclide 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.

\Y January 28, 2003



WIPP RH PSAR DOE/WIPP-03-3174

GLOSSARY OF TERMS

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 processesin adisposa 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. Refersto 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
been 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 pathsin
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 ANALY SIS. 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.

HAZARDOUS CONSTITUENT. Those chemicalsidentified 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.
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HEADSPACE GASES. Thefree gas volume at the top of aclosed container (between the container lid
and the waste inside the container) or containment, such as adrum 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 I solation Pilot
Plant isthe 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 Dangerousto 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. Inthenatural or original position. The phraseisused in this document to distinguish in-place
experiments, rock properties, and so on, from those measured in the laboratory.

INTERNAL ACCIDENT. Accidentsinitiated by process systems or human actions under the control
of agiven facility.

INITIATING EVENT. Thefirst 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.

INSTITUTIONAL CONTROLS. Human actionsto control a waste management facility such asthe
WIPP. Ingtitutional controls are described as "active" and "passive.” Active ingtitutiona
controls are defined in 40 CFR § 191.12 as: (1) controlling access to adisposal site by any
means other than passive ingtitutional controls, (2) performing maintenance operations or
remedial actions at asite, (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 8191.12 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.
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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 systemis"SI".

ISOTOPE. An atom of achemical element with a specific atomic number and atomic weight. |sotopes
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 alandfill, 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. Refersto the 10,000 years after shaft sealing for which performance assessment
calculations and model s 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. Thislimit is assumed
constant for temperatures up to 120 °C (250 °F).

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 divisionsin major
geological strata or geological time frames.
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MAXIMALLY EXPOSED INDIVIDUAL (MEI). A hypothetica member of the public who is exposed
to arelease of radionuclidesin such away that the individual will receive the maximum dose
from such arelease. 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 L MP access restrictions) due to the dispersion model
chosen for accident analysis. Asdiscussed in detail in SAR Section 5.2, the release is anon-
plume release (vent release as defined in NRG 1.145), not subject to plume lofting or fumigation
conditions. The dose to an individual istherefore greatest at the closest alowable access distance
to the point of release.

MEAN. The average value. For agiven set of n values, the mean isthe sum of their values divided by n.

MEDIAN. The median of aset of dataisthe value such that half of the observations are | ess than that
value and half are greater than that value.

MERCALLI INTENSITY. A scale of measurement of earthquake intensity.

MITIGATE. To take practicable meansto avoid or minimize release of hazardous or radioactive
material or consegquences 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 afrequency greater than 0.1 events per year.

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

OFF LIMITSAREA. An areaconsisting of approximately 1454 acres which is posted in accordance
with 10 CFR Part 860 and has been designated as such in the Federal Register. Thisareais
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
isalowed for recreational purposes (see Figure 5.2-1 and the WIPP Land Management Plan).

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

PACKAGE. In theregulations 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, apanel 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 disposa 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 adisposal 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 I solation 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 fina
analysis of compliance will consist of a qualitative assessment of the quantitative results of the
performance assessment.

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 asthe fissile
agent in nuclear weapons.
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POLYHALITE. Anevaporite mineral: K,MgCa, (SO,), ® 2H,0. Itisahard, 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. Theinterior 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 asindividuals 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 areaiis alowed for grazing purposes, and up to the DOE off limits
area’ for recreational purposes. Although accident analyses consequences are traditionally
conducted for amaximally 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 analysisis 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 PFilot 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
gualitative (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 eventsin 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 aretwo 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. Inaccident analysis, the probability of weighted consegquences 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 amanner designed for recovery without loss
of control or release of radioactivity.

ROOM. An excavated cavity within apanel in the underground. Within the Waste Isolation Pilot Plant,
aroom 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 ANALY SISREPORT. A report that documents the adequacy of safety analysis to ensure
that afacility 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 geohydrol ogic 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 Sl 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. Refersto 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 | solation 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 isthe quantity of radioactive or hazardous constituents available for
transport or the maximum concentration of hazardous constituentsin a particular phase,
depending on the type of information available.

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.
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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, severeillness 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 WASTE. Theterm "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 asto
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 forthin 49 CFR 8§ 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.

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.
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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 analysesinclude
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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11 Facility Background and Mission

The United States Department of Energy (DOE) was authorized by Public Law 96-164" to provide a
research and devel opment facility for demonstrating the safe permanent disposal of transuranic (TRU)
wastes from national defense activities and programs of the United States exempted from regul ations by
the U.S. Nuclear Regulatory Commission (NRC). The Waste Isolation Pilot Plant (WIPP), located in
southeastern New Mexico near Carlsbad, was constructed to be the 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 atest phase, to be followed by the
disposal phase for waste emplacement operations. The test phase was to involve the use of limited
guantities 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. Asaresult 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.

Asaresult of successful tests, the EPA and the New Mexico Environmental Department (NMED)
authorized operations. WIPP started receiving CH TRU and TRU mixed wastein 1999. WIPPis
currently scheduled to receive remote-handled (RH) TRU mixed waste (hereafter referred to as RH TRU
waste or RH waste) in the second quarter of FY 05.

The disposal phase is currently scheduled to last 35 years,® " and will consist of receipt, handling, and
emplacing TRU waste in the repository for disposal, and will end when the design capacity of the
planned 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. Thisphaseis 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, post closure environmental monitoring, 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 repository functions as designed, and the potential for
future, inadvertent human intrusion is reduced to alevel that renders such intrusion unlikely.

This Preliminary Safety Anaysis Report (PSAR) documents the safety analyses that develop and
evaluate the adequacy of the WIPP RH TRU safety basis hecessary 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 EPA reviewed the
CCA and subsequently certified that the WIPP was in compliance with the requirementsin 40 CFR 191,
Subpart B and C on May 13, 1998.° SAR Section 5.3, Long-Term Waste | solation Assessment
summarizes the assessment.
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1.2 Facility Overview
1.2.1 Facility L ocation

The WIPP islocated in Eddy County in southeastern New Mexico, 26 miles (41.6 km) east of Carlsbad
asshownin Figure 1.2-1. The 16 sections of land set aside for the WIPP includes an area of 10,240 acres
(4144 hectares). The WIPP islocated in an area of low population density with fewer than 30 permanent
residents living within aten-mileradius. The area surrounding the facility is used primarily for grazing,
and development of potash, oil, salt, and gas resources. Development of these resources resultsin a
transient population (non-permanent) consisting principally of workers at three potash minesthat are
located within ten miles of the WIPP. The largest population center nearest the WIPP isthe city of
Carlsbad 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. Asthe 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 |eases).

1.2.2 Facility Design

The WIPP is designed to receive and handle amaximum of 10,000 ftyr (283 m*yr) RH TRU waste.
The WIPP facility is designed to have atotal disposal capacity for TRU waste of 6.2 x 10° ft* (1.76 x 10°
m°®). Current design isthat RH waste will be packaged in steel containers which are placed inside
shielded road casks then transported to the WIPP facility. 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 E 06 Curies.

RH TRU wastes will be disposed in the 100 acre (40.5 hectares) disposal area on a horizon located

2,150 ft (655 m) 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 phaseis
currently scheduled to last for 35 years.®*

The placement of CH and RH 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 wasteis required,
prior to commencement of recovery operations: (1) principal design and safety criteriafor 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 functional areas: surface structures, shafts, and subsurface structures as
shown in Figure 1.2-2. The WIPP surface structures ( Figure 1.2-3a) 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 current design of the RH TRU waste handling area includes the following; a RH Bay for cask
receiving and preparation; the Cask Unloading Room (CUR) where the 72B cask is prepared for and
lowered into the Transfer Cell and where the waste drums are removed from the 10-160B cask and lifted
into the Hot Cell; the Hot Cell where radiological surveys on each drum and identity verification of each
drum is performed before being placed into facility canisters (max of three drums per canister) and where
the facility canisters are lowered into a shielded insert in the Transfer Cell; and the Transfer Cell where
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the canister in a 72B cask or the facility canister in ashielded insert are transferred (raised) into the
facility cask. During thelift from the 72B cask, radiological surveys and identity verification aswell asa
physical inspection is performed on the 72B canister; the facility Cask Loading room where the facility
cask isloaded with either a 72B canister or afacility canister and then positioned on the waste hoist
conveyance for transfer to the underground.

The vertical shafts extending from the surface to the underground horizon ( 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 m) 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 surrounding water-bearing formation. The waste shaft is|ocated between the CH
TRU and RH TRU areasin the WHB. Itisnominally 19 feet (5.8 m) 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 (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. Thefirst 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 ft (10 m) wide, 13 ft

(4 m) high, and 300 ft (91.5 m) long. The RH waste canisters are placed in 14 ft (4.3 m) long horizontal
bore holes on 30 in (0.8 m) centersin the walls (ribs) of the disposal rooms. The disposal rooms are
separated by pillars of salt 100 ft (30.5 m) wide and 300 ft (91.5 m) long. Panel entries at the end of each
of these disposal rooms are also 33 ft (10 m) wide and 13 ft (4 m) high and will be used for waste
disposal, except for the first 200 ft (61 m) from the main entries which are 22 ft (6.7 m) wide by 14 ft
(4.3 m) high. Thisfirst 200 ft (61 m) will be used for installation of panel closure systems.

1.2.3 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. A pictorial view of the 72B RH TRU waste
handling process is shown in Figure 4.3-1, while the 10-160B waste handling process is shown in Figure
4.3-2.

RH TRU waste will be shipped to the WIPP in Nuclear Regulatory Commission (NRC) certified
shipping packages (72B and 10-160B road casks). The RH waste handling process begins when the truck
arrives at the WIPP gate. After the RH TRU road cask is surveyed for contamination and shipping
documentation confirmed, the loaded road cask trailer is staged in the parking lot adjacent to the RH
entrance to the WHB.

The loaded trailer is moved into the WHB RH bay. Impact limiter(s) are removed before the 72B and/or
10-160B road cask is transferred to their respective road cask transfer car. The outer containment vessel
(OCV) lid of the 72B road cask is removed or the bolts loosened on the primary lid of the 10-160B road
cask and initial waste handling activities are performed before the road cask is transported to the CUR.
The CUR cranelifts the loaded 72B road cask from the road cask transfer car and lowersit into the
Transfer Cell onto the shuttle car. Inthe Transfer Cell, the inner containment vessel lid of the 72B road
cask isremoved, the identity of the waste cannister is confirmed and remote radiological surveys are
performed. The 10-160B road cask is moved to the CUR where the payload of ten 55-gal drums of RH
waste islifted into the Hot Cell by the Hot Cell 15-ton crane. Radiologica surveys are performed on
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each drum and the identity of each drum is confirmed. Three RH waste drums are loaded into a WIPP
facility canister which is lowered into the shielded insert, installed on the shuittle car, located in the
Transfer Cell. The grapple hoist in the Facility Cask Loading Room lifts the waste canister into the
facility cask. The loaded facility cask is moved into the waste shaft’s hoist cage for transfer to the
disposal horizon.

At the disposal horizon, the facility cask is transported by aforklift into the waste disposal room. In the
disposal room, the waste canister is removed from the facility cask, emplaced in a horizontal borehole
and then a shield plug isinstalled in the borehole. Details of the RH waste operations are provided in
Section 4.3.

The RH waste, consisting of radiologically hazardous and chemically hazardous material, received for
placement in the WIPP facility must conform with the RH Waste Acceptance Criteria (WAC). Draft
criteria have been prepared (RH Draft WAC ®°) and are currently being reviewed. These criteriawill be
formalized prior to receipt of RH waste. The purpose of the RH WAC is to summarize the waste
acceptance criteriathat RH-TRU waste must meet before it can be transported to, managed, and disposed
of at the WIPP. These criteria serve asthe DOE’s primary directive for ensuring that TRU wasteis
managed and disposed of in amanner that protects worker and public health and safety and the
environment.

The operational philosophy at the WIPP facility isto start radiologically clean and stay radiologically
clean. Asacanister isremoved from the 72B road cask or drums removed from the 10-160B road cask,
contamination surveys, damage inspections, and identity verifications are performed. If any identity
discrepancies are found and/or any levels of radiation, contamination, or significant damage in excess of
acceptance criteria are found, actions will be taken in accordance with approved procedures. Also, any
local area of contamination may be decontaminated prior to continuation of the waste handling process.
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1.3 Safety Analysis Overview and Conclusions
1.3.1 Safety Analysis Report Strategy and Approach

The WIPP RH PSAR is prepared to satisfy the commitments in the Working Agreement for Consultation
and Cooperation* (WACC) (Article 111, 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. The initia draft was
written 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
420.1, Facility Safety.® This draft of the RH PSAR is prepared to comply with the methodology and
requirements of 10 CFR 830, Nuclear Safety Management °(including Parts 830.203, Unreviewed Safety
Question Process, 830.204, Documented Safety Analysis, 830.205, Technical Safety Requirements, and
830.206, Preliminary Documented Safety Analysis),® and itsimplementing standards DOE-STD-1027-
92" and DOE-STD-3009-94%. A "Preliminary" SAR generally refersto afacility in the design,
construction, or preoperational stage. This PSAR represents a statement and commitment by the DOE
that the WIPP can be operated safely and at acceptable risk.

In accordance with the requirements of 10 CFR 830.204 °, the SAR documents the safety analyses that
develop and evaluate the adequacy of the safety bases. The safety bases are defined by 10 CFR 830.3,
Definitions,® as: "The documented safety analysis and hazard controls that provide reasonable assurance
that a DOE nuclear facility can be operated safely in a manner that protects workers, the public, and the
environment.”

This PSAR establishes and eval uates the adequacy of the WIPP RH 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 RH structures, systems, or components
(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 preliminary
Technical Safety Requirements (PTSRs), and (4) the management, conduct of operations, and
ingtitutional dimensions of safety assurance.

1.3.1.1 Facility Hazard Classification

The hazard classification 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 classification was
defined as the maximum radiological contents of a single RH waste container as derived in Chapter 5.
The WIPP Facility is classified as a Hazard Category 2 facility based on this single waste canister
inventory in comparison to the threshold quantities provided in Table A-1 of DOE-STD-1027-92."

1.3.1.2 Design and Operation Descriptions

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.

The Woking Agreement for Consultation and Cooperation (WACC Agreement)' SAR requirements for

Long Term Waste | solation Assessment, are summarized in Chapter 5. The Long Term Waste I solation
Assessment is covered in the WIPP Compliance Certification Application (CCA).*
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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* (10 CFR 830.204 °) and DOE-STD-3009-94° is discussed
in Chapter 4. The evaluation determined that policies and procedures 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.

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 WIPP CCA.*°
Chapter 2 provides a detailed description of the site characteristics.

1.3.1.3 RH Waste Handling Hazard Analysis

The WIPP RH TRU waste handling processes were qualitatively evaluated in two Hazard and Operability
Studies (HAZOPs),*>** one for each type road cask (Summarized in Appendix C). This systematic
approach to hazard analysis was conducted by leaders knowledgeable in the HAZOP methodology and
consisted of personnel from various disciplines familiar with the design and operation of the RH TRU
handling processes (HAZOP Team). The HAZOP Teams identified deviations from the intended design
and operation of the RH waste handling systems that could: (1) result in process slowdown or shutdown,
(2) result in worker injury or fatality, and (3) result in the release of radiological and non-radiological
materials from waste containers.

Both HAZOP Teams assigned a qualitative consequence and frequency ranking for each deviation. A
hazard evaluation ranking mechanism utilized the frequency and the most significant consequencesto
separate the low risk hazards from high risk hazards that may warrant additional quantitative analysis of
consequences to the maximally exposed individual (MEI), non-involved worker, and immediate worker.
Based on this ranking approach HAZOP' *® deviations whose combined hazard rank were identified to
be of moderate or high risk (Table 5.1-10) were selected for quantitative analysis in Section 5.2 to: (1)
verify and document the basis for the qualitative frequency and consequence assignmentsin the
HAZOP,"* 2 and (2) identify the need for safety (safety-class or safety-significant) SSCs and PTSRs.

The HAZOPs'  replace previous hazards analyses in existing documentation including the Final
Environmental Impact Statement (FEIS),** and the Final Supplement Environmental Impact Statement
(SEIS),"” for the purposes of identifying initiating events for quantitative accident analysisin Section 5.2.
These documents were reviewed to ensure that all hazards associated with RH TRU waste handling were
identified in the HAZOPs. "> *®

The HAZOP Team concluded that:

e  Safeguards currently exist at the WIPP to prevent or reduce the frequency of postulated accidents
from occurring. |dentified safeguards include facility and equipment design, procedures, training,
preventative maintenance and inspection, and administrative controls including the RH Waste
Acceptance Criteria (WAC)™ (Table 5.1-10, and Appendix C).

e Mitigation exists to reduce the consequences of any postulated accident to acceptable levels.
I dentified mitigation includes confinement/ventilation systems and associated HEPA filtration
systems (Table 5.1-10, and Appendix C).
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Based on the results of the HAZOP,* ** operational events are binned into three accident categories (fire,
explosion, and breach of waste canister/drum). Since breach of waste canisters may occur due to drop or
vehicle impact, accidents involving both of these breach mechanisms are evaluated. Accidentsinvolving
waste container drops are further evaluated based on the energy involved due to drop height. Due to the
differencesin release and dispersion mechanisms possible, accidents of each category are evaluated for
surface and underground areas of the facility. Natural initiating events including seismic and tornado are
also evaluated.

Since the performance of the HAZOPs, periodic updates of the WIPP Fire Hazards Analysis Report
(FHA)* have been performed to meet the requirements of DOE O 420.1.°> The updated FHA confirms
the previous evaluation that the frequency of aroom or structural fire, as an accident in the WHB
resulting in adirect release of radioactive material from the waste containers engulfed in thefire, is
beyond extremely unlikely (<1E-06/yr). The updated FHA confirmed also that due to the limited
combustible fire loading of the WHB waste processing rooms and the WHB design features, worse case
fire accidents will not thermally challenge waste container integrity.

1.3.1.4 Defensein Depth

The WIPP defense-in-depth provides three layers of defense which include conservative design of the
facility’s SSCs, protection against anticipated operational occurrences and unlikely events, and passive
controls that may be on line continuously or automatically/manually activated.

The abjective of the first layer of WIPP defense-in-depth is accident prevention. The reduction of risk
to both workers and the public from WIPP RH TRU waste handling and emplacement operationsis
primarily achieved by reducing the frequency of occurrence of postulated accidents. The conservative
design of the facility's SSCs, with operations conducted by personnel trained and qualified to the
standards set forth in approved procedures, provides thefirst layer. Specific preventative measures are
identified in Appendix C for each postul ated deviation asidentified in the HAZOP,*>** and in

Table 5.1-10 for each deviation considered for quantitative accident analysis.

Additionally, accident prevention for process inherent events such as spontaneous ignition fire, is
achieved administratively through the RH WAC'® which restricts hazardous waste elements (such as the
presence of pyrophorics) which may be initiating events for accidents. The following provide
administrative controls (ACs) to prevent the risk from postulated accidents from being unacceptable: (1)
RH WAC limits on the radionuclide and fissile content of each waste canister/drum; (2) RH WAC limits
on hazardous waste such as non-radionuclide pyrophorics, explosives, and compressed gases, (3) waste
canister/drum integrity provisions ensure the robustness reflected in the waste canister accident release
analyses, and (4) criticality safety is adesigned in-storage and handling configuration that ensures 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. PTSR ACs are derived in
Chapter 6 and required in the WIPP PTSR Document (Attachment 1 to the PSAR) to ensure that these
programs are maintained, and operations continue to be conducted with highly qualified and trained
personnel using current approved procedures.

1.3-3 January 24, 2003



WIPP RH PSAR DOE/WIPP-03-3174 CHAPTER 1

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 thefirst layer, and
(2) provide adequate mitigation and accommodation of the consegquences of those operational accidents
which may occur. The WHB and underground radiation monitoring systems, the HEPA filtration
systems, and the WIPP emergency management program > provide this layer of defense-in-depth.

Thethird layer of defense-in-depth supplements the first two layers by providing protection against
extremely unlikely operational, natural phenomena, 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 non-radiological effects of such accidents on the maximally exposed
individual (MEI), non-involved worker, and immediate worker to verify that a conservative design basis
has been established. These accidents include waste canister/drum fire and waste hoist failure.

1.3.1.5 Waste Acceptance Criteria

The waste accepted for placement in the WIPP facility must conform with the RH WAC™ unless an
exception to the RH WAC™ has been approved as aresult 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 RH WAC Operations
and Safety Requirements. A PTSR AC for Waste Characteristics require that the safety analysis criteria
be incorporated into the RH WAC.*

The RH WAC' establishes minimum criteria that the waste must meet, and limits that cannot be
exceeded in order to ensure that TRU waste is managed and disposed of in a manner that protects worker
and public health and safety and the environment. The following waste is unacceptable for management
at the WIPP facility:

e Ignitable, reactive, and corrosive waste
e Liquid wastes (all waste must meet the RH WAC *° criteria regarding residual liquid content)
e  Compressed gases

e  Incompatible waste (waste must be compatible with backfill, seal and panel closure materials,
canister, road cask, facility cask, and as well as with other waste)

e Headspace-gas VOC concentrations resulting in average annual emissions not protective of
human health and the environment

e Wasteswith EPA codes not listed on Hazardous Waste Facility Permit, Table 11.C %.
e  Wastewith equal to or more than 50 ppm (50 mg/L) polychlorinated biphenyls (PCB)

The WIPP facility will not accept waste that exhibits the characteristics of ignitability, reactivity, or
COrrosiveness.
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Estimates of the radiological waste canister inventory for safety analysis cal culations were obtained by
using the radionuclide inventory by final waste form, stored waste volume, and waste site included on the
June, 1996 query of the WIPP Transuranic Waste Baseline Inventory Report (BIR)* database.

This PSAR has evaluated a reasonable range of Container Inventories (Cls) for "untreated" (not
solidified, vitrified, or overpacked) RH TRU waste. Based on a maximum reasonable Cl, used in
conservative safety analysis with updated airborne release and respirable fractions and the radionuclide
limitations for untreated waste, the potential dose consequences due to inhalation by the non-involved
worker, theimmediate workers, and the MEI from operational accidents with frequencies greater than
1E-06/yr are within the risk evaluation guidelinesin Section 5.2.2.

The adequacy of the WIPP facility design and operational administrative controlsis evaluated, based on
the accident resultsin Section 5.2.

The source term equation radiological Cl used in the accident analyses, is based on the analysesin
Section 5.1.2. DOE-STD-3009-94° and its Appendix A 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."

As described in Section 5.1.2, the maximum plutonium-239 equivalent Curies (PE-Ci) radionuclide
inventory for a 72B canister loaded with non-containerized waste (direct loaded) is 80 PE-Ci. The
maximum radionuclide inventory for a 72B canister loaded with waste contained in three 55-gallon
drumsis 240 PE-Ci. The maximum radionuclide inventory for a 10-160B road cask containing ten
55-gallon drums of waste is 20 PE-Ci.

The adequacy of these assumptions and the WIPP RH TRU facility design basis are evaluated in detail
based on the accident resultsin Section 5.2.3. Receipt of waste for disposal at WIPP that does not meet
the applicable Operations and Safety Requirements of the RH WAC™ will first require the performance
of an Unreviewed Safety Question Determination (USQD) in accordance with the requirements of

10 CFR 830.203, Unreviewed Safety Question Process.®

1.3.1.6 Nuclear Criticality

The intent of a criticality safety program isto prevent the accumulation of fissile and fissionable material
and neutron moderating or reflecting materials in quantities and configurations that could result in an
accidental nuclear criticality.

To ensure adequate margins of criticality safety for adherence to DOE O 420.1,° the WIPP facility was
designed so that during each operation involving fissile material K does not exceed avalue of 0.947 (at
the 95 percent probability level) for the most reactive set of conditions considered credibly possible. The
calculation of K includes the effect of neutron interaction and reflection between fissile elements and
dimensional variations resulting from fabrication tolerances and changes due to corrosion and mechanical
distortion. As discussed below, these calculations indicate the combination of conditions enabling the
K« limit of 0.947 to be exceeded for the RH waste forms handled at the WIPP facility is incredible.

The WIPP nuclear criticality program elements consist of mass limits control, TRU waste disposal
configuration control, and analytical verification of subcriticality.
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Mass Limits Control

The WIPP RH WAC* limits the fissile or fissionable radionuclide content of RH TRU waste, including
allowance for measurement errors, to 325 Fissile-Gram Equivalent (FGE) for a RH waste canister.

TRU Waste Disposal Configuration Control

In addition to the mass limits control, geometry controls are required for the emplacement and/or
in-transit handling disposal configurations. Canisters will be stored in horizontal positionsin the walls of
the Underground disposal rooms with an analyzed minimum center-to-center spacing of 30in

(76 cm)."’

RH TRU Nuclear Criticality Safety Analysis

In compliance with DOE O 420.1,° acriticality analysis'’ was performed to ensure that no credible
criticality accident could occur at the WIPP. The analysis was based on the mass limit control and
geometry control, with additional conservative assumptions in terms of; isotopic content, density and
configuration modeling, moderation, and reflection. Further, for the RH waste analysis, it was assumed
that the waste package storage array isinfinite in both horizontal directions.

The results of the WIPP RH TRU criticality analysis'” indicate that, for each of the conditions analyzed,
the calculated effective multiplication factor, K, isless than 0.95 including uncertainties at 95 percent
probability at 95 percent confidence level. Accordingly, no credible criticality hazard exists at the WIPP
for RH TRU operations.

DOE Order 420.1° requires additional analysis of nuclear criticality safety. The WIPPRH TRU
criticality analysis'’ was examined for compliance with the order and all the applicable requirements for
the order in performance of criticality analysis were complied with within the analysis.

The WIPP nuclear criticality safety program elements were reviewed to ensure compliance with the six
mandatory American Nuclear Society ANSI/ANS nuclear criticality safety standards as the Order
requires. The six mandatory standards are: ANSI/ANS-8.1," 8.3, 8.5, 8.7, 8.15,% and 8.19.*

The WIPP nuclear criticality safety program elements are found to be in compliance with the
requirements of ANSI/ANS-8.1, Nuclear Criticality Safety in Operations with Fissionable Materials
Outside Reactors,”® and ANSI/ANS-8.15, Nuclear Criticality Control of Special Actinide Elements,® in
regard to: mass control, geometry control, and performance of criticality analyses.

The criticality-related administrative control provisions were determined to be in compliance with
ANSI/ANS-8.19, Administrative Practices for Nuclear Criticality Safety.”

Since it has been established by analyses' that a criticality accident is beyond extremely unlikely
(frequency < 1 E-06/yr) at the WIPP, ANSI/ANS-8.3," a Criticality Accident Alarm System, is not
applicable as called for in the Order.

The two facility-specific standards, ANSI/ANS-8.5, Use of Borosilicate-Glass Raschig Ringsas a
Neutron Absorber in Solutions of Fissile Material,” and ANSI/ANS-8.7, Guide for Nuclear Criticality
Safety in the Storage of Fissile Materials,* are not applicable to the WIPP.

The existing WIPP nuclear criticality safety program elements are in compliance with the DOE Order
420.1° mandatory criticality safety standards.
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1.3.1.7 Atmospheric Dispersion

The meteorological conditions used to evaluate both radiological and non-radiological doses are based on
Nuclear Regulatory Guide (NRG) 1.145,% " Atmospheric Dispersion Models for Potential Accident
Consequence Assessments at Nuclear Power Plants." NRG 1.145 % provides an NRC acceptable
methodology to determine site-specific atmospheric dispersion coefficient (x/Q’). x/Q’, isaratio of the
air concentration, ¥, to thereleaserate, Q’, and is used to determine the dose consequences for a receptor
based on the quantity released (i.e., the source term), atmospheric conditions, and the distance to the
receptor of interest. This methodology was used to develop the atmospheric dispersion coefficientsto
assess accidental releases from the WIPP Underground exhaust shaft and the WHB exhaust vent. Section
5.2.1.1 provides a more detailed explanation of atmospheric dispersion at WIPP. The model usedisa
straight line Gaussian plume which is appropriate to WIPP due to the terrain around the property
protection area.

1.3.1.8 Significant Hazards

The accident analyses utilize currently available Rules, 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 PSAR 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
RH TRU waste operations conducted. The accidents selected for quantitative analysis are considered
"Derivative Design Basis Accidents," (DBAS) as defined in DOE Standard 3009-94°. The DBAs are
used to estimate the response of WIPP SSCs to "the range of accident scenarios that bound the envelope
of accident conditions to which the facility could be subjected” in order to evaluate accident
consequences. The following accidents were selected for analysis ( the accidents identified with RH are
for 72B waste operations, while those with the NC identifier are for 10-160B waste operations):
1. Operationa Events

Fires

RH1 Fire in the Underground

RH2 Firein the WHB

RH5 Fire followed by explosion in the Underground

NC1 Firein the Hot Céll

NC2 Fire in the Underground

NC5 Explosion followed by firein the Hot Cell

NC6 Fire followed by explosion in the Underground

Waste Container Breaches

RH3 Loss of containment in the WHB

RH4-A  Loss of containment in the Underground (waste hoist)

RH4-B  Loss of containment in the Underground (waste transport & emplacement)

NC3  Lossof confinement inthe WHB. This scenario is divided into sub-parts NC3-A,
NC3-B, NC3-C, NC3-D, NC3-E, NC3-F, NC3-G, NC3-H, and NC3-I

NC4 Loss of confinement in the Transfer Cell or Underground
2. Natura Events
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RH6 Seismic event
RH7 Tornado event
NC7 Seismic Event
NC8 Tornado event
3. Externa Events
RH8 Aircraft Crash (applicable to both 72B and 10-160B operations)

It should be noted that accidents NC3-1 and NC5 occurred in the Hot Cell and were initiated by the arc of
the robotic electric welder that was to be used to weld the lid to afacility canister. The facility canister
was redesigned, after the 10-160B HAZOP, so that the lid is mechanically attached to the facility canister
and the welder was removed from service. Asaresult, accidents NC3-1 and NC5 were not eval uated.

The principal purpose of the accident analysisisto evaluate the DBAs for the purposes of identifying
safety (safety-class or safety-significant) SSCs and TSRS necessary to maintain accident consequences
resulting from these DBAs to within the accident risk evaluation guidelines.

For the purposes of establishing safety SSCs, the consequences of these accidents are analyzed to a
non-involved worker conservatively assumed to be 328 ft (100 m) from each release point, to the MEI
located at the WIPP Exclusive Use Area boundary, and to the immediate worker located in the immediate
vicinity of the accident. Asdiscussed in Sections5.1.2.1.2 and 5.1.7, the assessment of immediate
worker conseguences will ensure that the maximum allowabl e radionuclide inventory, in conjunction
with the other layers of defense-in-depth, will preclude worker risk from being unacceptable. Inthe RH
waste handling process, there are no immediate workers present in the Hot Cell or Transfer Cell. There
is no immediate worker present in the Cask Unloading Room (CUR) when a 10-160B cask is processed.

1.3.2 Off-siteand On-site Risk Evaluation Guidelines

DOE Standard 3009-94° states that use of alower 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, identified
DBAswhose frequencies are less than 1E-06/yr (beyond extremely unlikely) are also analyzed
guantitatively 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 5.2.4.

Guidelines do not exist for the frequency range of beyond extremely unlikely (frequency < 1E-06/yr).
The consequences of accidentsin that range are conservatively evaluated against the guidelines for the
extremely unlikely range for the sole purpose of evaluating the risk associated with facility operations.

1.3.2.1 Radiological Evaluation Guidelines

Off-site radiological dose criteria for accident analyses have been well established by national standards
through the licensing process of nuclear facilities regulated by the NRC. These criteria are based on the
probabilities of occurrence of the accidents or events hypothesized for the accident analysis. For nuclear
power plants, the operational accidents or events are classified as Plant Conditions (PC) in accordance
with the estimated frequency of occurrence. ANSI/ANS-51.1% provides frequency based radiological
dose values, recognized by the NRC, which are used by nuclear power plants, those values have adopted
by the WIPP to compare accidental releases from postulated events to dose limits based on estimated
frequency of occurrence. Table 1.3-1 summarizes the risk evaluation guidelines for the assessment of
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off-site radiological exposures.

The same approach is used for the on-site risk evaluation guidelines as for the off-site (public) dose
(Table 1.3-2). The on-siterisk evaluation guidelines are greater than those for the public by assuming
that entry onto the site implies acceptance of a higher degree of risk than that associated with the off-site
public. Thisassumption is not considered remiss with regards to safety assurance because the on-site
risk evaluation guidelines do not result in any health effects noticeable to exposed individuals at
frequencies greater than 1E-4 event per year and would not result in any acute life-threatening effects.

For accidents with an estimated frequency between 1E-1 and 1E-2 event per year (anticipated) the limit is
5 rem (50 mSv) based on the allowable yearly worker exposure limits cited in 10 CFR 835.% For the
estimated frequency range of 1 E-2 to 1 E-4 event per year (unlikely), the threshold is 25 rem (250 mSv)
for the same reason the NRC provided in 10 CFR 100* for using it for design basis reactor accident
calculations (i.e., value at which no significant health effects result).

Accidents with an estimated frequency range of 1E-4 to 1E-6 event per year (extremely unlikely) have a
limit of 100 rem (1 Sv). The DOE Emergency Management Guide for Hazards Assessment® uses 100
rem (1 Sv) whole body exposure as a threshold for early severe effects. It also acknowledges that early
severe effects would not actually be experienced for a 50-year dose of 100 rem (1 Sv) dueto apha
emitters.

1.3.2.2 Radiological Evaluations

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, non-involved worker, and immediate worker are
provided in Section 5.2. Activity releases to the environment are given for each postul ated accident.
Committed Effective Dose Equivalents (50 yr CEDE) were calculated for what are considered to be
hypothetical individuals: the (1) MEI located at the WIPP Exclusive Use Area boundary and off-site
public located at the site 16 section boundary, (2) non-involved worker located at 328 ft (100 m) from
each release point, and (3) immediate worker |ocated within the immediate vicinity of the accident.

Atmospheric transport is the only significant release and exposure pathway during normal operations and
accident conditions during the disposal phase. Based on the site characteristics information in Chapter 2,
surface water and groundwater transport from normal or accidental releases of radioactive material is not
considered likely. Human exposure pathways from the airborne radioactive materia include inhalation,
air immersion, ingestion, and ground-shine. Radiological dose consequences are calculated assuming the
inhal ation pathway in CEDE.

External (ground-shine and air immersion) and ingestion dose cal culations are not performed due to their
minimal contribution to the Total Effective Dose Equivalent (TEDE). Section A.3in Appendix A of
DOE-STD-3009-94° states that the airborne pathway is of primary interest in the non-reactor nuclear
facilities, therefore CEDE will be reported as the dose consequences for each accident evaluated. The
calculated dose in CEDE is then compared to the non-involved worker and MEI radiological risk
evaluation guidelines discussed in Section 5.2.2.

In evaluating hypothetical accidents, the safety analysis assumptions provide consequences which result
in postulated rel eases that are overestimated rather than underestimated. The level of conservatismin
each of the safety analysis variables is consistent with DOE-STD-3009-94° and bound the full range of
possible scenarios, and 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)
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the PTSRs assigned will provide for the protection of the public, the worker, and the environment.

For accidents with an estimated frequency between 1E-2 to 1E-4 event per year (unlikely), the MEI limit
is 6.5 rem (65 mSv) and the noninvolved worker limit is 25 rem (250 mSv). Accidents with an estimated
frequency range of 1 E-4 to 1 E-6 event per year (extremely unlikely) have a MEI limit of 25 rem (250
mSv), while the non-involved worker [imit is 100 rem (1 Sv). Since no current guidelines exist for
immediate workers, the non-involved worker limit of 100 rem (1 Sv) is used for the immediate worker
limitsfor al frequencies.

The quantitative frequency analysis (in Section 5.2.3) for each accident produced accidentsin the three
ranges, Unlikely, Extremely Unlikely, and Beyond Extremely Unlikely.

Additional quantitative frequency analysesin the form of event/fault tree analyses (Appendix D) were
performed to identify SSCs, or processes that contribute most to the accident phenomena frequency for
the purposes of verifying their adegquacy or identifying improvements to reduce the accident frequency
and therefore risk to immediate workers (as well as non-involved worker and MEI). Specific accidents
evaluated in this manner were: RH3, RH4A, RH4B, RH6, RH7, NC1, NC3 (A-G), and NC5. With the
exceptions of RH4B, RH6, NC1, and NC3(A - F), the event treeffault tree analyses indicated that the
no-mitigation frequency of the identified accidents occurring are beyond extremely unlikely (frequency <
1E-06/yr).

Based on the RH accident source term and rel ease mechanism analyses presented in Section 5.2.3 for
accident scenarios with afrequency greater than 1E-06/yr (RH2, RH4-B, RH6, NC1, NC3 (A - F), NC4,
NC7, and NCB8), the cal culated worst-case no-mitigation accident consequences to the non-involved
worker, the MEI, and immediate worker were found to be below the accident risk evaluation guidelines
for the unlikely range 25 rem (250 mSv) for the non-involved worker and 6.5 rem (65 mSv) for the MEI.
The highest consequences to the non-involved worker are obtained from NC-1, with an estimated 8.2 rem
(82 mSv) approximately 8 percent of 100 rem (1 Sv) guideline and 0.65 rem (.65 mSv) to the MEI
approximately 3 percent of 25 rem (250 mSv) guideline. The highest consequences to the immediate
worker are obtained from RH4-B, with an estimated 5.4 rem (54 mSv), approximately 5 percent of 100
rem guideline.

The MEI no-mitigation consequences for all accidents analyzed, regardless of frequency, were found to
be below 25 rem (250 mSv) risk evaluation guideline. The worst-case for the 10-160B analysis
calculated dose to an immediate worker isfrom NC3-G and NC3-H with an estimated 4.16 rem

(41.6 mSv), which is below the on-site risk evaluation guidelines for the unlikely range (6.5 rem).

The consequences to the immediate worker from RH4-B are well within the non-involved worker
evaluation guidelines. Therefore, no specific additional worker protection, engineering, or ACs other
than those already qualitatively identified as providing defense-in-depth for the immediate worker, are
needed.

For scenarios with afrequency less than 1E-06/yr (RH1, RH3, RH4-A, RH5, RH7, NC3-G, and NC3-H),
the highest consequences arein RH3, which occursin the Transfer Cell (no immediate worker present),
with an estimated 65.8 rem (658 mSv) to the non-involved worker (approximately 66 percent of 100 rem
(1 Sv) guideline), and 5.2 rem (52 mSv) to the MEI (approximately 21 percent of 25 rem (250 mSv)
guideline. The non-involved worker consequences (65.8 rem) is below the guideline (100 rem) for
selection of Safety Significant SSCs. The Transfer Cell safety features are passive therefore TSR
controls are not necessary. The highest dose consequences to the immediate worker occurs during
scenario RH4-A with a116 rem (1.16 Sv) dose, 116 percent of 100 rem guideline.
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For protection of the immediate worker, the waste hoist brake system is designated Safety Significant and
assigned in Attachment 1, Preliminary Technical Safety Requirements. The risk associated with the
potential exposure to the immediate worker from RH4-A is deemed acceptable for the following reasons:

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

e Theexisting elements for protection of the worker discussed in detail in Section 5.1.7.

1.3.2.3 Non-radiological Evaluation Guidelines

DOE orders do not contain a unique set of approved non-radiological risk evaluation guidelines. The
WIPP non-radiological risk guidelines are based on Emergency Response Planning Guidelines (ERPG)
published by the American Industrial Hygiene Association (AIHA). ERPGs are estimates of
concentration ranges for specific chemicals above which acute (< 1 hour) exposure would be expected to
lead to adverse health effects of increasing severity. The EPRG-1 values represents a concentration that
would have little or no health effects, while EPRG -3 values have the most severe health effects.

The definitions of ERPGs are:

ERPG-1 The maximum concentration in air below which it is believed nearly all individuals could
be exposed for up to one hour without experiencing other than mild transient adverse health
effects or perceiving aclearly defined objectionable odor.

ERPG-2 The maximum concentration in air below which it is believed nearly all individuals could
be exposed for up to one hour without experiencing or developing irreversible or other
serious health effects or symptoms that could impair their abilities to take protective action.

ERPG-3 The maximum concentration in air below which it is believed nearly all individuals could
be exposed for up to one hour without experiencing or devel oping life-threatening health
effects.

ERPGs have been developed for approximately 100 chemicals and do not exist for some of the chemicals
found in TRU mixed waste. Chemicals without established ERPG values will use Temporary

Emergency Exposure Limits (TEELS) developed by the DOE Emergency Management Advisory
Committee' s Subcommittee on Conseguence Assessment and Protective Action (SCAPA), Revision 18,
Table 4. SCAPA developed TEELsto alow for the preliminary identification of hazardous or potentially
hazardous situations for emergency planning even when ERPGs were not available. The TEEL isan
interim parameter meant to approximate an ERPG so that emergency planning and preparedness activities
can be conducted. Whenever an ERPG is developed for a new chemical, the ERPG replaces the TEEL.
The definitions of TEEL s are:

TEEL-O  Thethreshold concentration below which most people will experience no appreciable risk
of health effects;

TEEL-1  The maximum concentration in air below whichiit is believed nearly all individuals could
be exposed without experiencing other than mild transient adverse health effects or
perceiving a clearly defined objectionable odor.

TEEL-2  The maximum concentration in air below whichiit is believed nearly all individuals could
be exposed without experiencing or developing irreversible or other serious health effects
or symptoms that could impair their abilities to take protective action;
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TEEL-3  The maximum concentration in air below whichiit is believed nearly all individuals could
be exposed without experiencing or developing life-threatening health effects.

Thefollowing TEEL valueswill be used for those chemicalsin TRU waste that do not have an ERPG
value.

ERPG-1 TEEL-1
ERPG-2 TEEL-2
ERPG-3 TEEL-3

1.3.2.4 Non-radiological Evaluations

Hazardous waste, as defined in 40 CFR 261, Subparts C and D, * often occurs as co-contaminants with
TRU waste from defense-related operations, resulting in "TRU mixed waste." The BIR?' estimates the
guantities of RCRA regulated TRU waste to be shipped from each generator site. The most common
hazardous constituents in the TRU mixed waste consist of the following: (1) metals such as beryllium,
cadmium, lead, mercury (2) solidified sludges; (3) cemented laboratory liquids, and waste from
decontamination and decommissioning activities; (4) asbestos; (5) polychlorinated biphenyls (PCBs); (6)
hal ogenated organic solvents such as methylene chloride; Tetrachloroethylene; trichloroethylene; carbon
tetrachloride; 1,1,1-trichloroethane, and 1,1,2-trichloro-1,2,2-trifluoroethane; (7) non-halogenated organic
solvents such as xylene, methanol, and butyl alcohol. The solvents are referred to as volatile organic
compounds (VOCs).

The assumptions used in the analysis for determining the amount of hazardous non-radiological
chemicals rel eased to the environment and the extent of exposure to the MEI, non-involved worker, and
immediate worker are provided in Section 5.2. Chemical exposuresin milligrams per cubic meter
(mg/m®) were cal culated for the MEI, off-site public, the non-involved worker, and the immediate
worker. Atmospheric dispersion of hazardous chemicals was performed using NRG 1.145,% which is
described in Section 1.3.16.

For accidents with an estimated frequency between 1E-1 and 1E-2 event per year (anticipated), the MEI
limit and the non-involved worker limit is ERPG-1. For the estimated frequency range of 1E-2 to 1E-4
event per year (unlikely), the MEI limit is ERPG-1 and the noninvolved worker limit is ERPG-2.
Accidents with an estimated frequency range of 1E-4 to 1E-6 event per year (extremely unlikely) have a
MEI limit of ERPG-2 while the non-involved worker limit is ERPG-3. Since no current guidelines exist
for immediate workers, EPRG-3 is used for the immediate worker limits for all frequencies.

Based on the RH accident analyses presented in Section 5.2.3, for accident scenarios with a frequency
greater than 1E-06/yr, only accident scenario NC1, drum firein the Hot Cell, required using the
guidelinesfor all the substances listed on Table 5.2-2. Loss of confinement (breach and puncture)
accidents and natural phenomena (seismic and tornado) accidents cause the release of VOCs; methylene
chloride, carbon tetrachloride, chloroform, and 1,1,2,2-tetrachl oroethane. There will not be a buildup of
hydrogen gas due to the vent filters installed on the waste drums and on the 72B waste canister. The
facility canister is not vented through afilter, but is constructed so as not to be air tight which will
prevent a hydrogen build up.
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NC1 accident consegquences to the non-involved worker and the MEI were found to be less than 1% of
evaluation guidelines for the extremely unlikely range (ERPG-2). There are no immediate worker
consequences for this accident because al work in the Hot Cell is performed remotely and the Hot Cell
has its own ventilation system..

The MEI non-radiological consequences for all accidents analyzed in Section 5.2 and shown on Table
5.2-4a, were 1 percent or less of their respective guidelines. The non-involved worker worst-case
conseguences for the four VOCs was for carbon tetrachloride which occurred during NC3-D. The
non-involved worker carbon tetrachloride consequences during NC3-D were 12 percent of the ERPG-1
guidelines.

The VOCs contained in the RH waste and any hydrogen generated in the RH waste will escape from the
waste containers (canisters and 55-gallon drums) and will be rapidly diffused and diluted by the high
underground ventilation flow, approximately 35,000 cubic feet per minute. Therefore, the VOCs and
hydrogen will have minimal, if any, impact on the repository.

1.3.2.5 Preventive and Mitigative Features

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
non-radiological consequences to the MEI and non-involved worker to within the risk evaluation
guidelines.

Section 5.2.4.1, Evaluation of the Design Basis, discussesin 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.

The accident analyses indicate that safety (safety-class or safety-significant) SSCs are not required for the
WIPP to mitigate any MEI or non-involved worker accident radiological and non-radiological
consequence resulting from RH waste operations to below risk evaluation guideline levels.

Secondary confinement is required to remain functional (following DBAS) to the extent that the
guidelinesin 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
criteriain DOE orders or guidance documents for evaluation of secondary confinement. As previously
stated, the MEI and non-involved worker unmitigated consequences were found to be 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 || and I11A 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 PTSR AC isderived 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.
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As discussed in the accident scenarios in Section 5.2.3, there is no credible physical mechanism by which
the oper ational accidents analyzed in the WHB or the underground will disable the respective ventilation
or HEPA filtration systems. No releases are postulated requiring ventilation or HEPA filtration for the
Design Basis Earthquake (DBE) and Design Basis Tornado (DBT) scenarios. |f waste container breach
occurs in the WHB during a credible operational accident, the release to the outside environment is
mitigated by the permanently installed continuously on-line two-stage HEPA filter. For accident
scenarios in the underground, shift to HEPA filtration of the underground ventilation exhaust 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 releases 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 6.25-ton grapple hoist and the RH Bay 140/25-ton crane. As such,
the WHB ventilation and filtration systems are not required to mitigate the consequences of the DBE or
DBT scenarios.

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

e SSCswhose preventive or mitigative function is necessary to keep hazardous material exposure to
the non-involved worker below on-site risk evaluation guidelines,

e SSCsthat prevent acute worker fatality or serious injury from hazardous material release that is
outside the protection of standard industrial practice, OSHA regulation, or MSHA regulation.

As concluded from WIPP RH PSAR Section 5.2, none of the analyzed scenarios resulted in non-involved
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 non-involved worker
consequence resulting from RH waste operations.

With regard to the waste hoist failure scenario (RH4A), the consequences involving waste hoist failure
while transporting aloaded facility cask was evaluated in Chapter 5. The waste hoist will not be used to
simultaneously transport personnel and aloaded facility cask 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
Codes for all Mines.* For protection of the immediate worker, the waste hoist brake system is
designated Safety Significant and specific ACs are derived in Chapter 6 and in Attachment 1, Technical
Safety Requirements.

Table 6.1 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 ACs (TSRs).

Specific WIPP SSCs are classified as defense-in-depth SSCs, based on the above functional classification
results and accident impacts. Rather than the WIPP PSAR specify functional requirements and
performance criteria for those defense-in-depth SSCs, the applicable SDDs® describe their intended
safety functions, and specify the requirements for design, operation, maintenance, testing, and

calibration.
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As discussed in detail in Chapter 6, based on application of the criteriain 10 CFR 830.205 ° for the
selection of safety and operational limits, and the fact that Safety Class and Safety Significant SSCs (the
waste hoist is the only Safety Significant SSC ) are not selected for WIPP RH waste operations, PTSR
Safety Limits (SLs), Limiting Conditions for Operation (LCOs), and Surveillance Requirements are not
required. PTSR ACs assigned for features that play arole in supporting the WIPP defense-in-depth
approach are derived in SAR Chapter 6. 10 CFR 830.205 ° and its implementation guide allow coverage
of Safety Significant SSCsthrough AC. Table 6-1 provides a summary of defense-in-depth safety
features and applicable PTSR controls.

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 PSAR. SSCs are required in the
PTSR 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 concluded from the hazards and accident analyses in this PSAR that the design basis of the WIPP
RH TRU waste handling system is adequate in response to postulated range of RH TRU normal
operations and accident conditions for the facility.

1.3.2.6 Technical Safety Requirements

PTSRs are devel oped based on the requirements provided in 10 CFR 830.205 °, Technical Safety
Requirements. 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 PTSR ACs are established as follows:

e Tomaintain the design, quality, testability, inspect ability, maintainability, and accessibility of
the facility, PTSR 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
asanalyzed in Section 5.2.3.

e Toensurethat the facility operations are conducted by trained and certified/qualified personnel in
acontrolled 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 accident initiating event.

e Toensurethat hazards are limited within the bounds assumed in Section 5.2, or that the
occurrence of adeviation from the assumed hazard bounds are at an acceptably low frequency,
PTSR ACs arerequired relating to: (1) waste characteristics (WAC), (2) waste canister integrity,
(3) criticality safety, (4) fire protection, and (5) waste handling PE-Ci limits. The PTSR AC for
waste characteristics limits the radionuclide content of each waste canister, restricts the fissile
content of the canister, and restricts the presence of waste characteristics unacceptable for
management at the WIPP facility. Canister 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.
Waste handling PE-Ci controls limit the radionuclide content of aroad cask that can be handled
during normal operations.
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Supporting the second and third layers of defense-in-depth, WIPP PTSR ACs are identified which
establish programs for radiation protection and emergency management. Basic elements and
regquirements defined for TSR AC programs are enforced by the associated implementing WIPP
procedures.

1.3.3 Safety Analysis Conclusions
1.3.3.1 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
conseguences to the MEI to the off-site evaluation guidelines and the immediate worker and
non-involved worker to the on-site risk evaluation guidelines, are identified.

The predicted RH waste (radioactive/chemical) to be received in a waste container at the WIPP was
conservatively estimated based on data, as shown in the BIR?, from the generating sites, process
knowledge, and limiting criteria provided in the RH WAC.*® These estimates provided bounding
container inventories used in the determination of potential consequences from postul ated accidents.

Hazards associated with the facility RH processes were evaluated through two systematic hazard analysis
processes, a 72B HAZOP and a 10-160B HAZOP. The analyses encompassed waste receipt, handling
and disposal of RH TRU waste in the WIPP. Each hazards anaysisinvolved a multi-step process which
included: 1) identification of the potential hazards associated with the RH TRU waste handling processes,
2) characterization of the waste expected at the WIPP, and 3) a hazard evaluation in the form of a
HAZOP."*® These multi-step processes provided comprehensive examinations of the potential hazards
which may require quantitative evaluation in the accident analysis.

The major hazard associated with the RH TRU waste handling process is associated with the radiological
and non-radiological hazardous materials within the waste container. Hazards associated with mining
operations are considered standard industrial hazards governed by OSHA and MSHA regulations and are
considered only when they may be an initiating event leading to the accidental release of radiological or
non-radiological 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 canisters. Therefore, for the purposes of establishing an inventory of radiological
and non-radiological material, only that material contained in the waste containers was considered.

The hazard analysis process identified potential accident scenarios in the categories of: 1) operational
accidents (caused by initiatorsinternal to the facility), 2) natural phenomena events (e.g., earthquakes,
tornadoes), and 3) external events (caused by man made initiators externa 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 5.1-10.

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. The location of the MEI is at the "closest point of public
access," or the DOE "exclusive use area" boundary which is consistent with guidance for the
implementation of 40 CFR 191,% Subpart A. Calculations are performed in Appendix E for a member of
the public at the site boundary for reference purposes.

1.3-16 January 24, 2003



WIPP RH PSAR DOE/WIPP-03-3174 CHAPTER 1

Although prevailing winds are from the southeast 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 m) and the closest distance to the exclusive use area
boundary from the WHB lies southeast at approximately 1150 ft (350 m) (Figure 5.2-2).

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

A summary of the non-involved worker and MEI radiological and toxicological consequences of
analyzed accidents and comparison to risk evaluation guidelinesis presented in Tables 5.2-3a, 5.2-3b,
5.2-4a, and 5.2-4b. Off-site (MEI) risk evaluation radiological guidelines are based on ANSI/ANS-
51.1,% aso used by the NRC, which compares dose consequences, due to accidental releases from
postulated events, to the estimated frequency of occurrence. Non-involved worker radiological dose
consequences are compared to on-site risk evaluation guidelines devel oped from available supporting
DOE and ANSI guidance. The guidelines for chemical exposure are those provided in DOE O 151.1%
and its guidance documents.

However, on-site risk evaluation guidelines are greater than those for the public as DOE-CBFO 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. Thisassumption is not considered remiss with regard 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
HAZOPs,"* 2 of operational initiating events is based on the evaluation of process events (leaks),
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 isincluded in Appendix D. 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 reasonabl e assurance that an accident frequency isin
a specific qualitative frequency range (i.e. extremely unlikely) or "bin" for the purposes of selecting an
appropriate risk evaluation consegquence guideline.

Asrequired by DOE-STD-3009-94°, a graded approach is used to achieve the objectives of analysis of
accidents. Thelevel of analytical effort isprimarily afunction of magnitude of the hazard, but also takes
into account system complexity, and the degree to which detailed modeling can be meaningfully
supported by system definition. For non-reactor nuclear facilities, such as WIPP, the Standard does not
present an expectation of or requirement for probabilistic/quantitative risk assessment.

For the purposes of establishing safety (safety-class or safety-significant) preventative and mitigative
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SSCs, an iterative processis performed. The safety (safety-class or safety-significant) iterative process
(see Section 3.1.3) initially involves comparing the "unmitigated" accident consequences to the MEI and
non-involved worker (with associated "unmitigated” accident frequency from the event tree analysesin
Appendix D) to the off-site and on-site risk evaluation guidelines respectively. The processis 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, whose frequency is greater than 1E-06/yr, that may be initiated by waste
handling equipment failure or directly through human error by aworker 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 areaimmediately,
such accidents present an immediate risk due to the inhalation of airborne radionuclides to the worker
performing the waste handling operation. Asdiscussed 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 HAZOPs' %) in keeping worker dose from
accidents ALARA. No current risk evaluation guidelines exist for the assessment of accident
conseguences 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.

1.3.3.2 Comparison to Standards of 40 CFR 61 and 40 CFR 191

As required by the 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) which specifies that the combined annual
dose equivaent 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 mrem (0.25 mSv) to the whole body and 75 mrem (0.75 mSv) to any critical organ. Also, 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 (0.10 mSv).

WIPP normal operations do not involve or entail any planned or expected rel eases 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 ensure compliance, the containers
are surveyed prior to release from the generator sites and again as the road casks are opened at the WIPP.
Since radioactive material remains in the waste containers unless an accident occurs, emissionsto the
ambient air during normal WIPP waste disposal operation will be below measurable levels and for all
practical purposes will not occur. A WIPP analysis® demonstrates, through dispersion modeling, that off-
site radiological emission consegquence to the public and environment resulting from normal waste
disposal operations (without taking credit for any mitigation systems; i.e., HEPA filtration) will be
minimal. WIPP management anticipates that 40 CFR 191, Subpart A *" compliance sampling will confirm
the dispersion modeling. WIPP hazard analysis demonstrates that EPA emission standards will not be
exceeded unless waste containers are breached in a waste handling accident or in another

off-normal event and facility mitigation systemsfail. Also, the public is expected to receive anegligible
dose during normal operations. Asaresult of the above information, 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
limitsin those standards.
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The EPA implementation guidance for 40 CFR 191, Subpart A (EPA 402-R-97-001, Section 2.3 %) states
"DOE must examine radiation doses to the public due to both actual normal operations and any
unplanned or accidental release which occur during the reporting period.” Further, EPA 402-R-97-001,
Section 2.1% states, " Section 191.03(b) states that management and storage of transuranic waste at DOE
facilities shall be conducted to provide reasonable assurance that the annual radiation dose to any member
of the public in the general environment resulting from discharges of radioactive material and direct
radiation from such management and storage shall not exceed specified limits." Asshowninthis SAR,
only certain types of accidents have the capability of producing a dose to the public. The DOE has
implemented a program that provides reasonabl e assurance that the radiation dose resulting from WIPP
discharges to any member of the public in the general environment will not exceed 25 mrem (0.25 mSv)
to the whole body and 75 mrem (0.75 mSv) to any critical organ (DOE/WIPP-00-3121 “).

The following discussion provides a comparison of the cal culated dose consequences to the release
standards. Asthe 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
resultsto the standards in paragraph 191.03(b) include the avail ability and effectiveness of 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. Asshownin
Appendix E, based on a decontamination factor of 1E-06 provided by the WHB and underground HEPA
filtration systems, the wor st-case mitigated accident dosesto the maximally exposed individual for
all accidents analyzed, regardless of occurrence frequency, will be much lessthan the annual
release limitsimposed by 40 CFR 191 Subpart A% and 40 CFR 61, Subpart H®,

DOE will provide EPA with regularly scheduled reports summarizing the results of compliance sampling
and dose calculations. As specified in the WIPP Land Withdrawal Act, reporting will be every two
years, the Biennial Environmental Compliance Report (BECR) shall be the documentation in which the
DOE provides data to EPA demonstrating compliance with 40 CFR 191, Subpart A.*” Additional
reporting information for Subpart A is documented in DOE/WIPP-00-3121.*

1.3.4 Analysisof Beyond the Design Basis Accidents
1.3.4.1 Operational Events

An evauation of 72-B cask and 10-160B cask operational accidents "beyond" design basis accident
(BDBA) is conducted to provide perspective of the residual risk associated with the operation of the
facility. Asdiscussed in DOE-STD-3009-94°%, BDBAs are simply those operational accidents with more
severe conditions or equipment failure. Based on the analysesin Section 5.2.3, the operational accident
scenario involving potential consequences to the non-involved worker, MEI, and immediate worker,
whose frequency isless than 1E-06/yr is RH5, Fire followed by Explosion. A 10-160B accident was not
selected for BDBA analysis because the radionuclide inventory for the 72B canister bounds that of a
facility canister loaded with drums from a 10-160B road cask.

The source term MAR developed in Section 5.2.3 is based on the 72-B waste canister inventory derived
in Section 5.1.2.1.2. The analyses assumed that based on the datain Appendix A, that the maximum
radionuclide inventory in a 72-B waste canister is 80 PE-Ci for direct loaded waste and 240 PE-Ci for
double contained waste. The on-site and off-site risk evaluation guidelines for the extremely unlikely
range are used for the consequence evaluation even though the frequency of the BDBA scenariosis
beyond extremely unlikely.
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The worst case radiological consequences of RH5 are discussed here assuming that waste canister
involved in the scenario is at 80 PE-Ci. The same assumptions regarding waste form combustible and
noncombustible composition, damage ratio, airborne release fraction (median value instead of bounding),
and respirable fraction are assumed. Substitution of these values into the consequence cal cul ations for
RH5, indicate doses of approximately 0.6 rem (6 mSv) to the noninvolved worker individual (less than
one percent of the 100 rem noninvolved worker risk evaluation guideline for the extremely unlikely
range), and 0.05 rem (.5 mSv) (less than one percent of 25 rem MEI risk evaluation guideline for the
extremely unlikely range) to the MEI. The noninvolved worker and MEI doses are below their respective
risk evaluation guidelines. The estimated 5.4 rem (54 mSv) dose to the immediate worker for the RH5
beyond design basis scenario (Appendix E, Table E-14) does not exceed the noninvolved worker risk
evaluation guideline of 100 rem (1 Sv) for the extremely unlikely range. Therefore, no specific
additional worker protection engineering or administrative controls are identified and the risk associated
with this potential exposure is deemed acceptable.

1.3.4.2 Natural Phenomena

As discussed in Section 3.4.3 of DOE-STD-3009-942, natural phenomenon BDBAs are defined by a
frequency of occurrence less than that assumed for the DBA. Sincethe DBT is defined with a 1,000,000
year return period, and the DBE with a 1,000 year return period, the most credible BDBA natural
phenomenon event is an earthquake with avertical ground acceleration of greater than 0.1 g (considered
extremely unlikely). DBE SSCs: (1) the WHB structure, and (2) WHB 140/25-ton bridge crane, the
CUR 25-ton crane, the Hot Cell crane, and the Facility Cask Loading Room grapple hoist, are assumed to
fail resulting in arelease of radioactive material.

The source term MAR developed in Section 5.2.3 is based on the 10-160B road cask inventory derived in
Section 5.1.2.1.2. The analyses assumed that based on the datain Appendix A, that the maximum
radionuclide inventory in a 10-160B road cask is 20 PE-Ci.

It is assumed that the WHB structure fails resulting in the Hot Cell roof collapsing into the Hot Cell
resulting in damage to ten 10-160B RH waste drums, with a radionuclide inventory of 20 PE-Ci,
awaiting placement in facility canisters and a partially loaded facility canister. The partially loaded
facility canister contains two drums from two different 10-160B road casksis in the loading station.
Each of the two drumsin the facility canister contain the maximum radionuclide inventory of a 10-160B
road cask. Thetotal Hot Cell inventory is 60 PE-Ci. It isconservatively assumed that all of the drums
and the partially loaded facility canister are breached by the falling Hot Cell roof debris and the Hot Cell
crane.

The beyond DBE is basically the same accident as described for NC3-F, with the same MAR, waste form
combustible and noncombustible composition, airborne release fraction, and respirable fraction. Using
the NC3-F values and afactor of 10 increase in the damage ratio, the consequence cal culations for
beyond DBE indicate doses of approximately 24.7 rem (247 mSv) to the non-involved worker
(approximately 25 percent of the 100 rem non-involved worker risk evaluation guideline for the
extremely unlikely range), and 1.9 rem (19 mSv) (approximately 7.6 percent of 25 rem MEI risk
evaluation guideline for the extremely unlikely range) to the MEI. The non-involved worker and MEI
doses are below the risk evaluation guidelines, respectively. Thereis no postulated dose to the
immediate worker since the event occurs in the Hot Cell which would not be occupied during 10-160B
RH waste handling operations or when RH waste is stored there. Therefore, the radiological risk
associated with a greater than 0.1 g earthquake is considered acceptable.
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Table1.3-1 MEI Risk Evaluation Guidelines

Estimated Annual Radiological Nonradiological
Description Frequency of Description Guidelines Guidelines
Occurrence
Normal 1:f>10"
operations
Anticipated 10> f » 107 Incidents that may occur <25rem ERPG-1
several times during the (25 mSv)
lifetime of the facility.
(Incidents that commonly
occur)
Unlikely 10%> f>10" Accidents that are not < 6.5rem ERPG-1
anticipated to occur during (65 mSv)
the lifetime of the facility.
Natural phenomena of this
classinclude: Uniform
Building Code-level
earthquake, 100-year flood,
maximum wind gust, etc.
Extremely 10* >f > 10° Accidents that will probably < 25rem ERPG-2
Unlikely not occur during thelife (250 mSv)
cycle of the facility.
Beyond 10° > f All other accidents. No Guidelines No Guidelines
Extremely
Unlikely
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Table1.3-2 Noninvolved Worker Risk Evaluation Guidelines

Estimated Annual Radiological Nonradiological
Description Frequency of Description Guidelines Guidelines
Occurrence
Normal 1:f>10"
operations
Anticipated 10> f » 107 Incidents that may occur <5rem ERPG-1
several times during the (50 mSv)
lifetime of the facility.
(Incidents that commonly
occur)
Unlikely 10%> f > 10" Accidents that are not < 25rem ERPG-2
anticipated to occur during (250 mSv)
the lifetime of the facility.
Natural phenomena of this
classinclude: Uniform
Building Code-level
earthquake, 100-year flood,
maximum wind gust, etc.
Extremely 10" > f>10° Accidents that will < 100 rem ERPG-3
Unlikely probably not occur during 1sv)
thelife cycle of the facility.
Beyond 10° > f All other accidents. No Guidelines No Guidelines
Extremely
Unlikely
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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. 1n 1993, the
DOE Carlshad Area Office (CAO) was created to be directly responsible for the WIPP Project. The
CAO was upgraded to a DOE Field Office (CBFO), which 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:

e Sandia National Laboratories (SNL), Department of Waste Management Technology, Albuguerque,
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 servefirst as
the Technical Support Contractor (1978-1985) and later as the Management and Operating Contractor
(MOC) (1985-2001).

® Washington TRU Solutions (WTS) to serve as MOC (2001 to Present)

SNL, asthe Scientific Advisor, has been responsible for devel oping the conceptual design of the WIPP
facility, performing the site selection and characterization studies, and completing the performance
assessment of the WIPP facility in compliance with 40 CFR 191 Subparts B and C.* SNL isalso
responsible for performance assessment activities associated with continuous compliance with 40 CFR
191, including re-certification.

In 1985, the DOE-AL contracted with Westinghouse to provide management and operating services as
the MOC. In that capacity, Westinghouse was responsible for general management and operating
services, including operational safety, engineering management, quality assurance and control, project
control, construction management, environmental services, and ensured that all inputs to facility
operations were properly reviewed for health, safety, and environmental implications.

In 2001, WTS was contracted by DOE-AL to serve asthe MOC. WTS s responsible for providing
general management and operating services, including operational safety, engineering management,
quality assurance and control, project control, construction management, and environmental services.
WTS also ensures that all inputs to facility operations are properly reviewed for health, safety, and
environmental implications.

The DOE has entered into aformal agreement with the State of New Mexico for the purpose of
consultation and cooperation. The Working Agreement for Consultation and Cooperation (WACC?)
provides detail about the SAR and provides for the Director of EEG to be the representative for the State.
The WACC designates key events, sets time frames for review, provides for comments and resol ution 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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Referencesfor Section 1.4
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15 Safety Analysis Report Organization

The WIPP RH SAR was 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 the 17
chapter concept of 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 and 7 of the 17 DOE-STD-3009-94°
chapters were consolidated into other identified chapters. Thisresulted in a 10 chapter WIPP RH PSAR
format that is similar to the WACC Agreement® format. This graded approach consolidation and
reformatting is consistent with the discussion in DOE Order 5480.232 Attachment 1, Sections 4.f.(1)(c),
and 4.f.(3)(d). PSAR chapter titles are renamed 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 1.6-1 provides a correl ation between the WACC Agreement SAR Format and Content
requirements and the WIPP SAR format, and Table 1.6-2 provides a correlation between the WIPP RH
SAR format, the SAR topics required by DOE Order 5480.23,% and DOE-STD-3009-94.2
DOE-STD-3009-94° contains the format and content standard for documented safety analysis meeting
the requirements of 10 CFR 830.*
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Table1.5-1, Consultation and Cooperation (WACC) Agreement/SAR Correlation lof5
WACC Topic SAR Section
Chapter 1 - Introduction and General
Description

11 Location 11 Facility Background and Mission

12 Mission 11 Facility Background and Mission

13 Organization 14 Organizations

14 Facilities - both surface and 121 Facility Design

underground

15 Operations - including retrieval 122 Retrieval operations deleted.
Disposal-phase operations are discussed
with no intent to retrieve.

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

Chapter 2 - Site Characteristics

21 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 and
Military Facilities Military Facilities

2.3 Meteorology 2.5 Meteorology

24 Surface Hydrology Deleted per CBFO direction.

25 Subsurface Hydrology Deleted per CBFO direction.

2.6 Regional Geology Deleted per CBFO direction.

2.7 Site Geology Deleted per CBFO direction.

2.8 Vibratory Ground Motion 2.8 Vibratory Ground Motion

29 Surface Faulting Deleted per CBFO direction.

210  Stability of Subsurface Materials and Deleted per CBFO direction.
Foundations

211  Slope Stahility 2.5.2.5 Topography
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Table1.5-1, Consultation and Cooperation (WACC) Agreement/SAR Correlation 20f5
WACC Topic SAR Section
Chapter 3 - Principal Design Criteria
31 Definition of Mission 11 Facility Background and Mission
Waste Characterization 512 RH Waste Characterization
Repository Functions 31 General Design Criteria
Storage Capacities 311 TRU Waste Criteria
Retrievability Deleted
By-Products 3.1.2 Facility By-Products
32 Structural and Mechanical Design 32 Structural Design Criteria
33 Safety Protection Criteria
Confinement 3.3.1 Confinement Requirements
Handling 31 General Design Criteria
Emplacement 31 General Design Criteria
Retrieval Deleted
Fire 3.3.2 FireProtection
Explosion 3.3.2 FireProtection
Radiological 3.33 Radiologica Protection
Criticality 3.3.3.4 Nuclear Criticality Safety
Mine Safety 3.34 Industrial and Mining Safety
34 Design Classification 3.1.3 Design Classification of Structures,
Systems, and Components
35 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 3.1.4  Decontamination and Decommissioning
Site Markers 3.1.4  Decontamination and Decommissioning
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Table1.5-1, Consultation and Cooperation (WACC) Agreement/SAR Correlation 3of 5

WACC Topic SAR Section

Chapter 4 - Plant Design

41 Location Details 41 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
4.2.1.4 Support Building
4.2.1.5 Support Structures

4.3 Shafts and Subsurface Facilities 4.2.2  Shaft and Hoist Facilities
4.2.3  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

45 Safety Support Systems

4.6 Utility and Auxiliary Systems

4.7 Radioactive Waste (Radwaste) and
Hazardous Waste M anagement

Ventilation 441 Confinement
442 Ventilation Systems

Electrica 4.6.1 Electrical System
Fire Protection 45.1 FireProtection System
Waste Water 4.6.3 Domestic Water System

4.6.4  Sewage Treatment System
4.7 Radioactive Waste (Radwaste) and
Hazardous Waste M anagement

Salt Handling 4.3.5 Underground Mining Operations

Radwaste 4.7 Radioactive Waste (Radwaste) and
Hazardous Waste M anagement

Transportation 2.2.7 Land Transportation

Alarms 45.2  Plant Monitoring and Communications

Maintenance 8.3.5 Maintenance Program
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Table1.5-1, Consultation and Cooperation (WACC) Agreement/SAR Correlation 40f 5
WACC Topic SAR Section
Compressed Air 4.6.2 Compressed Air
Underground Fuel 4.2.3.1 Genera Design
4.5 Emplacement and Retrieval 4.3 Retrieval Deleted

4.6 Underground Excavation Equipment Deleted -  Standard Industrial (MSHA) Hazard

Chapter 5- Process Description

51 Contact-handled (CH) waste handling CH SAR

5.2 Remote-handled (RH) waste handling 431 RH TRU Waste Handling System

53 Experimental handling Deleted - SAR only addresses disposal phase

54 Plant Generated Radwaste 4.7 Radioactive Waste (Radwaste) and
Hazardous Waste M anagement

55 General process

Instrumentation 45.2  Plant Monitoring and Communications
Criticality Safety 515 Prevention of Inadvertent Nuclear
Criticality
Waste Logging 4.3.3 WIPP Waste Information System
5.6 Underground excavation 4.3.4  Underground Mining Operations
5.7 Control room 45.2.1 Central Monitoring System
5.8 Analytical Sampling 71421  Effluent Sampling/Monitoring and

Environmental Monitoring
7.2.4  Environmental Monitoring

59 Retrievability of All Waste Forms Deleted

Chapter 6 - Radiation Protection

6.1 Aslow asreasonably achievable 7.1.2 ALARA Policy and Program
(ALARA) 7.23.1 ALARA Policy

6.2 Radiation Sources 7.1.3.1.3.2 Direct Radiation Sources

6.3 Radiation protection 7.1.3 Radiologica Exposure Control

6.4 On-site dose assessment 7.1.41 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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Table1.5-1, Consultation and Cooperation (WACC) Agreement/SAR Correlation 50f 5
WACC Topic SAR Section
Chapter 7 - Accident Analysis
7.1 Accident classifications 52 RH TRU Accident Analysis
7.2 Source terms and analytical methods 52 RH TRU Accident Analysis
7.3 Accident descriptions and actual 52 RH TRU Accident Analysis
analyses
Chapter 8- Long Term Waste | solation 53 Long-Term Waste | solation Assessment
Assessment
8.1 Identification of potential 53 Long-Term Waste | solation Assessment
communication modes
8.2 Modeling methods 53 Long-Term Waste | solation Assessment
8.3 Conseguence analyses 53 Long-Term Waste | solation Assessment
Chapter 9 - Conduct of Operations
9.1 Organizational structure 8.1.3 Organizationa Structure,
Responsibilities, and Interfaces
9.2 Acceptance tests 8.3.3 Initia Test Program
9.3 Training 8.24  Training Program
9.4 Operating procedures 8.23  Procedures Program
9.5 Security Deleted
9.6 Emergencies 8.5 Emergency Preparedness Program
Chapter 10- Operating Limitsand Controls
10.1  Design limits Chapter 3
102 Operating limits and surveillance 6.4 Derivation of WIPP TSRs
requirements
10.3  Design features Not Required by 5480.22
104  Administrative controls 6.4.5 Administrative Controls
105  Guidelinesfor the operating 6.4.5 Administrative Controls
organization
Chapter 11 - Quality Assurance Chapter 9 - Quality Assurance
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Table 1.5-2,DOE Order 5480.23/ 10CFR830.204/ WIPP SAR Correlation

Page 1of 2

DOE Order 5480.23 Topics

10CFR830 Documented Safety Analysis
DOE-ST D-3009-94

WIPP SAR Chapter

Chapter 1- Executive Summary Unnumbered Executive Summary Chapter 1- Executive Summary
Chapter 3 - Site Characteristics Chapter 1- Site Characteristics Chapter 2 - Site Characteristics
Chapter 4 - Facility Description and Operation || Chapter 2 - Facility Description Chapter 3 - Principal Design and Safety Criteria
Chapter 4 - Facility Design and Operation
Chapter 5- Hazards Analysis and Chapter 3 - Hazard and Accident Analysis Chapter 5- Hazards and Accident Analysis
Classification of the Facility
Chapter 11 - Analysis of Normal, Abnormal,
and Accident Conditions
Chapter 4 - Facility Description and Operation || Chapter 4 - Safety Structures, Systems, and Chapter 3 - Principal Design and Safety Criteria
Components Chapter 4 - Facility Design and Operation
Chapter 16 - Derivation of Technical Safety Chapter 5 - Derivation of Technical Safety Chapter 6 - Derivation of Technical Safety
Requirements Requirements Requirements
Chapter 8 - Inadvertent Criticality Protection Chapter 6 - Prevention of Inadvertent Chapter 5- Hazards and Accident Analysis
Criticality
Chapter 9 - Radiation Protection Chapter 7 - Radiation Protection Chapter 7 - Radiological and Hazardous
Chapter 11 - Analysis of Normal, Abnormal, Material Protection
and Accident Conditions
Chapter 10 - Hazardous Material Protection Chapter 8 - Hazardous Material Protection Chapter 7 - Radiological and Hazardous
Chapter 11 - Analysis of Normal, Abnormal, Material Protection
and Accident Conditions
Chapter 7 - Radioactive and Hazardous Chapter 9 - Radioactive and Hazardous Chapter 7 - Radiological and Hazardous
Material Waste Management Waste Material Protection
Chapter 11 - Analysis of Normal, Abnormal,
and Accident Conditions
Chapter 15 - Initial Testing, In service Chapter 10 - Initial Testing, In-Service Chapter 8 - Institutional Programs

Surveillance, Maintenance

Surveillance, Maintenance
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Table 1.5-2,DOE Order 5480.23/ 10CFR830.204/ WIPP SAR Correlation

Page 2 of 2

DOE Order 5480.23 Topics

10CFR830 Documented Safety Analysis
DOE-ST D-3009-94

WIPP SAR Chapter

Chapter 17 - Operational Safety

Chapter 11 - Operational Safety

Chapter 8 - Institutional Programs

Chapter 13 - Procedures and Training

Chapter 12 - Procedures and Training

Chapter 8 - Institutional Programs

Chapter 14 - Human factors

Chapter 13 - Human Factors

Chapter 4 - Facility Design and Operation
Chapter 5- Hazards and Accident Analysis

Chapter 18 - Quality Assurance

Chapter 14 - Quality Assurance

Chapter 9 - Quality Assurance

Chapter 19 - Emergency Preparedness

Chapter 15 - Emergency Preparedness
Program

Chapter 8 - Institutional Programs

Chapter 20 - Provisions for Decontamination
and Decommissioning

Chapter 16 - Provisions for Decontamination
and Decommissioning

Chapter 10 - Decontamination and
Decommissioning

Chapter 12 - Management, Organization,
Institutional Safety Provisions

Chapter 17 - Management, Organization, and
Institutional Safety Provisions

Chapter 8 - Institutional Programs

Note 1 - WIPP SAR Chapter 3, Principal Design and Safety Criteria, addresses applicable statues, rules, and Departmental Orders, Safety Criteria, and Design
Criteria. Chapter 3 supports the compliance aspects of each SAR chapter.

Note 2 - DOE Order 5480.23, Chapter 2, Applicable Statutes, Rules, and Departmental Orders, and Chapter 6, Principal Health and Safety Criteria, are incorporated

into all applicable chapters of DOE-STD-3009-94.
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1.6 Statutes, Federal Rules, and DOE Directives Applicableto the Preclosure WIPP RH 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 O 151.1A
DOE O 232.1A
DOE O 414.1A
DOE 0 420.1
DOE O 430.1A
DOE 0433.1
DOE 0 435.1
DOE O 451.1B
DOE Order 5400.1
DOE Order 5480.4
DOE Order 5480.19

Atomic Energy Act of 1954, as amended

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, February 2001

Occupational Radiation Protection, December 1993

Occupational Safety and Health Standards, June 1974

Safety and Health Standards - Underground Metal and Nonmetal Mines, January 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 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 1985
Identification and Listing of Hazardous Waste, May 1980

Standards Applicable to Generators of Hazardous Waste, May 1980

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

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

Land Disposal Restrictions, May 1980

EPA Administered Permit Programs. The Hazardous Waste Permit Program, April 1983
Technical Standards and Corrective Action Requirements for Owners and Operators of
Underground Storage Tanks, September 1988

Comprehensive Emergency Management System

Occurrence Reporting and Processing of Operations Information.

Quality Assurance

Facility Safety

Life-Cycle Asset Management

Maintenance Management Program for DOE Nuclear Facilities

Radioactive Waste Management

National Environmental Policy Act Compliance Program

General Environmental Protection Program

Environmental Protection, Safety, and Health Protection Standards,

Conduct of Operations Requirements for DOE Facilities

DOE Order 5480.20A Personnel Selection, Qualification, Training Requirements for DOE Nuclear Facilities

DOE Order 5480.21
DOE Order 5480.22
DOE Order 5480.23

Unreviewed Safety Questions
Technical Safety Requirements
Nuclear Safety Analysis Reports

DOE Order 6430.1A General Design Criteria, 1989 (for reference only, superceded by DOE O 420.1 and

DOE O 430.1A)
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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 isinformation 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 DOE/CAO-1996-2184, Title 40 CFR 191 Compliance
Certification Application for the Waste Isolation Pilot Plant, October 1996."

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

The WIPP Facility islocated 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 mi (8 km) of the center of the WIPP facility include Livingston
Ridge and Nash Draw, which are located about five mi (8 km) west. Livingston Ridge, the most
prominent physiographic feature near the WIPP facility, isanorthwest facing bluff (about 75 ft

[ 22.9 m] high) that marks the east edge of Nash Draw (a shallow drainage course about 5 mi [8 km]
wide).

Other prominent natural features are the Pecos River which isabout 12 mi (19.3 km) west at its nearest

point, and the Guadal upe Mountains which include the Carlsbad Caverns National Park about 42 mi (67
km) and the Guadalupe Mountains National Park which is about 65 mi (104.5 km) west southwest. The
nearest prominent man-made features are the city of Loving (with a 1990 population of 1243) which is
18 mi (29 km) west southwest, and the city of Carlsbad (with a 1990 population of 24,896) which is 26

mi (41.8 km) west.

The area of land that lies within the WIPP Site Boundary and committed to the WIPP facility is a square
with sides measuring four mi (6.4 km) each. 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 (14 hectares) in
Sections 20 and 21 of T22S, R31E. Thisfenced areais known as the 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 awater 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.
Accessto the WIPP facility is provided by two access roads that connect with U.S. Highway 62/180, 13
mi (21 km) to the north, and NM Highway 128 (Jal Highway), 4 mi (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 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 accessis allowed unlessit is determined that access by
industry or the general public represents asignificant safety risk to WIPP personnel. There are four
natural gas pipelinesthat 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 mi (1.9 km) north of the center of the
WIPP surface structures at its closest point. This pipeline, along with other pipelinesin 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 Areais an area of approximately 35 acres (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 Areais an area of approximately 277 acres (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 Ared" is alowed for grazing purposes
and up to the DOE "Off-limits Area" for recreational purposes. Public accessis 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 (575 hectares) and is
posted no trespassing. Accessto this areawill be restricted.

The WIPP Site Boundary encompasses an area of 10,240 acres (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 accessis 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 accessto
material storage areas, borrow pits, the sewage stabilization ponds, and biological study plots.

A zone, provided between the mined area underground and the WIPP Site Boundary is a minimum of

1 mi (1.6 km) wide. This thickness was specified based on recommendations made by Oak Ridge
National Laboratory (ORNL). The ORNL recommendation of 1to 5 mi (1.6 to 8 km) 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. Thiswas addressed in the Geological Characterization Report
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where the authors state that the 1 mi (1.6 km) 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 al 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 al 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.”

2.1.2.2 Agricultural Uses

All the land within the WIPP Site Boundary up to the Exclusive Use Area has been leased for grazing,
which isthe 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.

2.1.2.3 Water Uses

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.

2.1.2.4 Industrial and Commercial Facilities

There are no industrial surface facilitieswithin a5 mi (8 km) radius of the WIPP facility. Ranchingis
the only commercial operation within 5 mi (8 km) of the facility, with the exception of oil and gas related
activities. The5 mi (8 km) radius encompasses grazing allotments of three separate ranches; however,
only one ranch house islocated in the area. It is about 3.5 mi (5.6 km) 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 5 and 10 mi (8.0 to 16.1 km) of the WIPP facility.
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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 numerous oil and gas related facilities within a5 mi (8 km) radius of the WIPP facility. The 5
mi (8 km) radius encompasses grazing allotments of three separate ranches; however, only one ranch
houseislocated inthe area. It isabout 3.5 mi (5.6 km) 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 5 and 10 mi (8.0 and 16.1 km) of the WIPP facility.

2.2.2 Extractive Activities

Within a5 mi (8 km) 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 wellstypically produce from the
deeper Pennsylvanian-age formations (Atoka, Strawn, and Morrow formations). Asof April 1995, there
were 136 oil wells (some which produce both oil and gas), 21 gas wells, and 21 plugged wells within 5
mi (8 km) of the Land Withdrawa Act (LWA) boundary (Figure 2.2-238). 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 10 mi (16.1 km) of the LWA boundary (Figure 2.2-1). The plugged
wellsinclude 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 10 mi (16.1 km) 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 GasPip€lines

There are no crude ail pipelineswithin 5 mi (8 km) of the WIPP facility. There are, however, sixteen
natural gas pipelines located within a5 mi (8 km) radius of the WIPP facility. Many producing wells
within the 10 mi (16.1 km) radius of the WIPP are connected to tank batteries by gathering systems of
flexible, plastic tubing. Theselines 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 gasis then fed
into pipelines. Thirteen of these pipelines have right-of-way |ease permits issued by the U.S. Department
of the Interior (DOI), BLM for access to federal land, while four have permitsissued 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. Thereis 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:

® FEl Paso Natural Gas Company, El Paso, Texas;
® Natura Gas Pipeline Company of America, Chicago, Illinais;

® Transwestern Pipeline Company, Roswell, New Mexico

Figure 2.2-2a shows the location of each pipeline within 5 mi (8 km) of the WIPP facility, along with
pertinent information regarding each pipeline.
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One major non-oil or gas pipeline lies within the WIPP Site Boundary. Thisisa 10in (25.4 cm) City of
Carlshad water pipeline that provides the WIPP facility with potable water.

2.2.4 Waterways

There are no navigable waterways within a5 mi (8 km) radius of the WIPP facility. The nearest river is
the Pecos River which is 12 mi (19.3 km) west of the WIPP facility.

2.2.5 Military Facilities

There are no military facilities within a5 mi (8 km) radius of the WIPP facility. Holloman Air Force
Base isthe nearest military facility to the WIPP Site and is located 138 mi (222.1 km) to the northwest.

2.2.6 Airportsand Aviation Routes

There are no airports within a 10 mi (16.1 km) radius of the site. The nearest airstrip, 12 mi

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

Portions of two federal airways are within 5 mi (8 km) of the WIPP facility. Each airway is 10 mi (16.1
km) wide. The centerline of low atitude airway V-102 is 3 mi (4.8 km) northwest of the WIPP facility
and high atitude airway J15is4 mi (6.4 km) northeast of the WIPP facility at their nearest points.
These airways are shown in Figure 2.2-3. Traffic datafor 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 5 mi (8 km) of the WIPP facility.

2.2.7 Land Transportation
2.2.7.1 Roadsand Highways

Other than the highways that provide north or south access, only one other highway lies within a5 mi (8
km) radius. New Mexico Highway 128, which is between 4 and 5 mi (6.4 to 8 km) southwest of the
WIPP facility (Figure 1.2-1). It connects the small community of Jal with NM 31, which leads into
Loving and 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)
tositesinthearea. 1n 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 5 mi

(8 km) radius of the WIPP facility. Rail linesto International Minerals and Chemical Corp. Main Plant
and Nash Draw operation, and the Mississippi Chemical Corp. East plant, all potash mining operations,
are located between 6 and 10 mi (9.7 to 16.1 km) 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
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While no industrial activity occurs within 5 mi (8 km) 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
5 mi (8 km) from the WIPP. Other extractive activities are 0il 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). Thereis currently one gaswell producing from that section below the 6000
ft (1828.8 m) land withdrawal designation. Thiswell was dlant 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 dant 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, thereis a possibility that at least two new shafts will be
sunk in the approximate 2 to 5 mi (3 to 8 km) radius. Plansfor 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 previously discussed, no significant increase in future
economic activity isforecast within 5 mi (8 km) of the WIPP facility.
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Figure2.2-2b, Explanation to Figure 2.2-2a

1

10.

11.

12.

13.

14.

15.

16.

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., CabanaNo. 1 (NM18432) 4.5" DiaGas 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" DiaGas 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, L ocated
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" DiaGas Line, Built
1958, Located 3.06125 miles WSW of WIPP. Operating Pressure 721 PSIG, Buria 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, Buria Depth 24".

El Paso Natural Gas Co., Arco State No. 1 (RW17822) 6.625" Dia Gas Line, Built 1971, L ocated
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, Buria 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" DiaGas 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, Buria 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, Buria 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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Table2.2-1 Aviation RoutesWithin 5 Miles (8 kilometers) of the WIPP Facility*

Name of Altitude Destination ~ Minimum Type  Origin and Aircraft Flight
Route HightsDay Rule
FAA V-102 3,000 ft AGL Carlspbad Commercial, 5** IFR
VORTAC military, and
Hobbs private
VORTAC
FAA J15 18,000ft 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 wasthe last year day charts were logged by FAA. Local airfield does not monitor this
information.
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2.3 Demographicsand Land Usein the Carlsbad Resource Area

2.3.1 Demographics

The WIPP islocated 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 L ocation Relative to the WIPP Site
Artesia 10,610 53 mi (85.3 km) northwest
Carlsbad 24,896 26 mi (41.8 km) west

Loving 1,243 18 mi (29 km) west-southwest
Total Eddy County 48,605

LEA COUNTY

Community Population L ocation Relative to the WIPP Site
Eunice 2,731 40 mi (64.4 km) east

Hobbs 29,115 40 mi (64.4 km) east

Jal 2,153 45 mi (72.4 km) southeast
Lovington 9,322 40 mi (80.5 km) northeast

Total Lea County 55,765

2.3.2 Land Use at the WIPP Site

At present, land within 10 mi (16 km) of the site is used for potash-mining operations, active oil and gas
wells, and grazing. This pattern is expected to change littlein 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.
Thiswell 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).?
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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
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 accessto livestock water development, assure water devel opments
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).°

2.3.3 Land Usein the Carlsbad Resource Area

Magjor land usesin the Carlsbad resource area include potash mining, oil and gas recovery (discussed
previoudly), ranching, farming, recreation, and tourism.

2.3.3.1 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 Totd 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:

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

2.3.3.2 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.

2.3.3.3 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
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sightseeing. The WIPP area contains significant biodiversity in addition to historic and prehistoric sites.
These offer rewarding opportunities for scientific research and interpretive recreation.

2.3.3.4 Tourism

There are two national parks (Guadal upe Mountains and Carlsbad Caverns), a national forest (Lincoln),
and two state parks (Living Desert Zoo and Gardens, and Brantley) located within or near the Carlshad
resource area. The Carlsbad Caverns National Park, which is 36 mi (58 km) 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 mi (19.3 km) 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 alow-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 Conditionsfor Design and Operating Bases
2.4.1.2.1 Heavy Precipitation

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

2.4.1.2.2 Thunderstormsand 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 stormsin the region.

Hail usually occursin April through June and is not likely to devel op more than three times ayear.
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 in (1.9 cm) and larger were reported eight times from
1955 to 1967 (dlightly less than once ayear).

2.4.1.2.3 Tornadoes

For the period 1916-1958, 75 tornadoes were reported in New Mexico on 58 tornado days.® Datafor
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 tornadoesin 1 year was 18 in 1972; the least
was 0in 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 atornado 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 Fujitayields a point tornado recurrence interval of
2,832 yearsin the Pecos River Valley."

According to Fujita, the WIPP design basis tornado with amillion year return period has a maximum
wind speed of 183 mi/hr (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 Ib/in (3.4 kPa), and a pressure drop
rate of 0.09 |b/in%s (0.62 kPa/s).

2.4.1.2.4 Freezing Precipitation

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

24.1.2.5 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 ayear.” 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 ft (9.1 m) level
wind speed in southeastern New Mexico is 82 mi/h (132 km/hr). Based on agust factor of 1.3, the
highest instantaneous gust expected oncein 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 ft
(9.1 m) values using the 1/7 power law® and is presented in Table 2.4-2.

24.1.2.6 Redrictive 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 isincreased by conditions that frequently exist at the WIPP facility. The conditions are
lack of moisture, clear skiesand low air density. When these conditions exist in the early morning,
radiation lost from the surface is not adequately absorbed and re-radiated 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 m (4,329.6 ft) in winter to 3,050 m (10,004 ft) in

summer. Seasona morning mixing heightsin the region range from 300 m (984 ft) in winter to

680 m (2,230.4 ft) in summer.
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2.4.1.2.7 Sandstorms

Blowing dust or sand may occur occasionaly 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 daysif 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 lessthan 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®

24.1.2.8 Snow

The 100-year recurrence maximum snowpack for the WIPP facility region is 10 lb/ft* (0.5 kPa).”* The
probabl e 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 in (32.5 cm) of rain (i.e., 66 Ib/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 methodol ogy 2

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 is63°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 thetime.* 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
1999.

2.4.2.3 Precipitation Summary

Precipitation is light and unevenly distributed throughout the year, averaging 13 in (33 cm) for the past
fiveyears. Winter isthe season of least precipitation, averaging lessthan 0.6 in (1.5 cm) of rainfall per
month. Snow averages about 5in (13 cm) per year at the site and seldom remains on the ground for

more than a day at atime 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
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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 for the WIPP site are depicted by windroses in Figures
2.4-2 through 2.4-10. In general, the predominant wind direction at the WIPP siteis from the southeast.

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 a3 mi (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 mi (8.1 km) is presented in Figure
2.4-12 for each of the 16 direction sectors.
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WIPP SITE WIND ROSE For The Period 01,0196 Through 12,31,96
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WIPP SITE WIND ROSE For The Period 01/01,97 Through 12/31/97  Elevation: 10nm
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Figure2.4-8 1997 Annual Windrose - WIPP Site
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WIPP SITE WIND ROSE For The Period 01,0199 Through 12/31,99  Elevation: 10m
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Table2.4-1 Maximum Wind Speedsfor Roswell, New M exico*

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 Intervalsfor High Windsin Southeastern New M exico*

Speed, mph
Recurrence, years 300 500 1000 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 or, 1953), p. 238.
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Table 2.4-3 Seasonal Frequencies of | nversions*
Inversion frequency
Season (% of total hours) Maximum %* *
Spring 32 65
Summer 25 68
Fall 35 72
Winter 46 78
Annual 35 70

*C. R. Hodler, "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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Table2.4-4 Seasonal Values of Mean Mixing Heights*

M ean after noon

Mean morning

Season mixing height, m  mixing height, m
Spring 2800 480
Summer 3050 680

Fall 2000 440
Winter 1320 300
Annual 2400 479

*@G. 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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Table2.4-5 Annual Average, Maximum, and Minimum Temper atur es*
Annual Average Maximum Minimum
Temperature Temperature Temperature
Year (oQ) (oF) (oC) (oF) (oC) (oF)
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 -144 6.0
1995 17.2 63.0 42.2 108.0 -8.3 17.0
1996 17.2 63.0 41.1 106.0 -13.9 7.0
1997 16.1 61.0 38.9 102.0 -13.9 7.0
1998 18.9 66.0 42.8 109.0 -111 12.0
1999 17.8 64.0 417 107.0 -10.0 14.0
Average 175 63.5 43.1 109.6 -12.2 10.0

Source: WIPP Annual Site Environmental Report for Calendar Y ears 1990 through 1999 (Draft)
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2.5 Vibratory Ground Mation

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

The approach used in this analysisisto 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€ sDBE in
Section 2.5.5.

2.5.1 Seismicity

In this section, data are presented for earthquakes within 180 mi (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.

25.1.1 Pre-1962 Earthquake Data

Most earthquakes reported in New Mexico before 1962 occurred in the Rio Grande Valley area between
Albuguerque and Socorro, a distance of more than 186 mi (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 werein thisregion. 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 V1I1) prior to 1962 within the WIPP facility region. The Valentine, Texas earthquake of 1931,
occurred about 120 mi (193 km) south-southwest of the location of the WIPP facility. The areawithin
120 mi (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 mi (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 eventsis 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 Vadentine, 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 MM 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 Vaentine, 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 mi (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 Vaentine, Texas, the USCGS and Byerly epicenters bracket the area of maximum
reported intensity fairly well. For the purposes of Figure 2.5-1, Vaentine, 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 afelt 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 Vaentine, Texas earthquake. Thisresult 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 isalisting of earthquake origin times, locations, and magnitudes, based on
instrumental data gathered and analyzed by a number of different organizations. Thelisting isfor
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 parameterslisted 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. Geologica Survey (USGS)

® LosAlamos Nationa Laboratory (LANL)

® Albuquerque Seismological Laboratory (ASL)

® University of Texasat Austin (UTA)
® University of Texas at El Paso (UTEP).

25.1.2.1 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 mi (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 based on a7 +/- mile (12+/- km) depth. (Ref
Part B Permit Application, Rev. 5, Appendix D6, Section D6-4 Seismicity).
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Up to August 1981, NMT calculated magnitudes differently than other organizations. Asaresult,
systematic differencesin calculated magnitudes were observed. In Table 2.5-3, al magnitudes cal culated
by organizations other than NM T were modified by applying corrections. In all cases, these
maodifications 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,

Mp=2.79log ty - 3.63

was derived by LANL researchers™ and determined to be equivalent to the Richter local magnitude scale
for earthquakesin 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 1.1t0 4.2. A
careful study of the applicability of the formulato earthquakes in southeastern New Mexico and west
Texas has not been made.

However, random comparisons between magnitudes cal culated 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, eventsin the WIPP facility region were located by readings from
stations generally several hundred miles from the epicenter. On April 5, 1974, asingle 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 wasin 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 athree station network in August 1982. The
WIPP seismograph network was not fully operational until March 1983.

The histogramsin Figure 2.5-5 illustrate how the shiftsin 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. Thefirst 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. Thefifth 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 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.
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The histogram in Figure 2.5-5 for events with M 3.0 (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 mi (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 mi (116 km) southeast of the WIPP facility). The least number of earthquakes
occurred in thefirst, third, and eighth intervals. The WIPP seismographic network was fully operational
during the eighth interval, but no seismic instrumentation within 135 mi (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 thefirst interval). Because the number of observed quakes with M 3.0 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 variationsin activity observed in the
histogram represent true temporal changesin 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.,

logN =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 describesin
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 isalog 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.

Thevaue of "b," 1.01, isthree percent lessthan 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

(2) the magnitudesin 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 asit 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 mi

(290 km) of the WIPP facility. All but afew shocksin the table have epicenters determined by the
algorithm HY PO 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 HY PO 71.%°
Inclusion of crustal shear wave (Sg) arrival time readings in the HY PO 71" program probably makes it
superior to the circle-arc method.

The accuracy of locationsin 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 mi (£25 km).

Figure 2.5-8 isamap showing all epicenterslisted 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
25.4.1. Thelater 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 epicentersin 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 amap 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 quakesin the data set was variable in space and
time as aresult of changesin 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 compl ete.

Thetemporal variability of earthquake activity on the CAP and elsewhere within 180 mi (290 km) of the
WIPP facility isillustrated 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.
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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
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 dightly more than 60 mi (97 km) from the western margin of the Permian Basin (Figure
2.5-19). The Permian Basinis abroad structural feature made up of a series of Paleozoic sedimentary
basins whose last episodes of large-scal e 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 mi
(483 km) eastward from the Diablo platform and Sacramento and Guadal upe 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-scal e basement stabilization occurred concurrently with
evaporite deposition.

Thus, the mgjor 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 M esozoic 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 afew 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. Asshown 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. Mgjor devel opment of
these characteristic structural features occurred from late Tertiary into early Pleistocene time.®4%>°
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.”*"*84%% More recently, additional but similar fault systems have been found and described
within the Basin and Range physiographic province in Trans-Pecos, Texas.?®
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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. Thisis suggested by
Figure 2.5-20 which shows the boundary between the great Plains and Basin and Range physiographic
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 thisinterval 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 Plainsin the Permian Basin subregion near
Carlshad. The observed relative uplift correlates well with the broad aspects of the tectonic evolution of
the Diabzl 9o 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 arailroad near the Pecos River, are probably dominated by artificial water withdrawal.”” Carlsbad
appearsto berelatively "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 rel ease, 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. 1n 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. Inthe
case of pre-instrumental eventsin 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 datafrom 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 eventsis 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 eventsin 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.
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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 aroughly comparable level of earthquake activity in the inactive and in the
active physiographic provinces.>*® This result must further qualify the confidence with which the modest
differencesin 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. Thisis 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 eventsis
located along the Central Basin Platform.

2.5.3 Correlation of Earthquake Activity with Geologic Structuresor Tectonic Provinces

The best avail able evidence does not suggest that recorded earthquakes have been well correlated with
faults anywhere in the WIPP facility region. Thisistrue 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. Thereisno known evidence of any differences since late Permian timein the
geologic histories of the Central Basin Platform and surrounding portions of the Permian Basin (Sections
2.5.2). Inaddition, 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 operationsin oil fields in the Central Basin Platform area. Such a mechanism for the
Central Basin Platform seismic activity could provide areason why the Central Basin Platformis
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 fieldsin the area are suggestive of some cause
and effect relationship of thistype.

In summary, the best available evidence does not suggest that known earthquakes are well correlated with
faultsin 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

thisstudy. Thefirstisarelatively 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 arelatively 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
provincesis furnished by the Permian Basin/Basin and Range subregion characterization of Section .5.2.
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2.5.4 Praobabilistic 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 eventsin 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 sourcesin theregion jointly. Finally, the maximum possible size of events for
each source is determined, using judgment and the historical record.*” Thus, all assumptions underlying
ameasure of earthquake risk potential derived from this type of analysis are explicit, and awide 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 istaken 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 devel oped, and the conclusions that may be drawn from these curves are considered. The
data treated in thisway 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

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

a=Db, exp(o,M,) R-b*

where ais 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 amost 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 devel oped by
Nuttli.**** The formula coefficients b, = 17, b, = 0.92, and b, = 1.0 were selected as the best ones.

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.*" 4
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Seismic Sour ce 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 boundariesis
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 aprevious 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 thisfigure are the earth-quake epicenters of Figure 2.5-1. Itisclear 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. Thisis
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. Asshown in Figure 2.5-24, evidence of Quaternary fault
offset isamost, 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 zonesin
thisstudy. Thismodel 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 devel opment of
risks at the WIPP facility.
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Thereis one purely geometrical issue to be resolved. It involves specifying afocal depth for eventsin
each of the model source zones. Thereislittle doubt that the focal depths of earthquakes in the WIPP
facility region should be considered shallow. Early instrumental |ocations 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 5 km, 10 km, or for later calculations, 8 km. Good epicentral locations
could generally be obtained under these assumptions.

Within the range discussed, (that is, focal depthsto 10 km) 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
zoneitself. 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
km in this depth range, assuming that the closest approach of this source zoneis 35 km as indicated by
Figures 2.5-25 and 2.5-26. Thisisclearly 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. Thisis certainly not mechanically realistic and is not the intent of the empirical
fitting process to an attenuation law of thisform. A focal depth of 5 km isused 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

Therisk calculation procedure used in this study requires that earthquake recurrence rates for each
seismic source zone be specified. Thisis done formally by computing the constants"a" and "b" in the
equation,

logN=a-bM

where N is the number of earthquakes of magnitude greater than or equal to M within a specified area
occurring during a specified period.

For the WIPP facility region, three formulas of this type are needed—one for the active province west and
southwest of the site (the Basin and Range subregion or Rio Grande rift source zone), another for the
inactive province of the WIPP facility exclusive of the Central Basin Platform (the Permian Basin
subregion or background source zone), and afinal one for the Central Basin Platform. In practice, the
difficultiesin finding meaningful recurrence formulas for such small areasin aregion of low historical
earthquake activity are formidable.

Several estimates of recurrence rates in the WIPP facility region have been published.*'*** For
earthquakes within 180 mi (290 km) of the WIPP facility, exclusive of shocks from the Central Basin
Platform and aftershocks of the 1931 Valentine, Texas earthquake, Sanford and Toppozada’ find
recurrence formulas of the form:

logN,=1.65-0.6 M
using instrumental data only, and

log Ny =1.27-0.6 M,
using both historical and instrumental data. In these and following recurrence formulas in this section,

M, isthe Richter local magnitude and N, is the number of earthquakesin the area of interest normalized
to atime period of one year and an area of 3.6x10" mi? (9.3 x 10* km?).

2.5-11 January 24, 2003



WIPP RH PSAR DOE/WIPP-03-3174 CHAPTER 2

Because the numbers of shocks used to establish the linear portions of these curves are very small (16
and 25, respectively), and the total time intervals over which data were collected are very short (11 and
50 years, respectively), an error in the slope (or b value) is quite possible. In fact, acertain
dissatisfaction with these results on the part of Sanford and Toppozada® isindicated by their development
of aternative curves defined to have aslope of 1.0 instead of 0.6. To the problems imposed by the
spatialy and temporally restricted data set available must be added the fundamental uncertainty
associated with the definition of magnitude in the WIPP facility region. However, Sanford et al.*
indicate that data collected since the Sanford and Toppozada' study of 1974 do not change any of the
original conclusions regarding the magnitude, location, and recurrence intervals of major earthquakes
within 180 mi (290 km) of the WIPP facility.

Recent work'* allows a preliminary treatment of the data. Thiswork is based on 11 years of instrumental
seismicity data which have been reinterpreted with respect to magnitude. In addition, recurrence
formulas are computed for broad physiographic regions of New Mexico vastly increasing the data base.
For example, Sanford et al.* find

logNg=2.4-1.0M,

for the High Plains physiographic province of the Permian Basin subregion or background source zone,
and

logNy=25-1.0M,

for the Basin and Range - Rio Grande rift region. The b valuein these equations is further substantiated
by very recent work™ in which all instrumental data on New Mexico earthquakes from 1962 through
1977 has been considered. The general criterion used in this earthquake risk analysis for the Rio Grande
rift/Basin and Range subregion and Permian Basin/background source zones is the Sanford et al.**
recurrence formulafor the physiographic province. For this recurrence formula, an individua source
zone occurs with the "a" value scaled to reflect area difference. The area of the High Plains province of
interest for this analysisis approximately a 60 mi (97 km) radius [1.2 x 10* mi? (3.1 x 10* km?)]
surrounding the WIPP facility, but exclusive of part of the Central Basin Platform. Thus, the proper
recurrence formulafor site area background seismicity becomes,

log N = 1.93 - M, Site source zone.
(background)

Similarly, the part of the Southern Basin and Range - Rio Grande rift region of interest has been referred
to in the above discussion as the Algermissen and Perkins® Rio Grande rift source zone and has an area
of about 4.1 x 10" mi® (1.1 x 10° km?). The proper recurrence formula for the Algermissen and Perkins
Rio Grande rift source zone becomes,

logN=256-10M,.

The Basin and Range subregion as shown in Figure 2.5-19 has an area of about 6.4 x 10* mi® (6.4 x 10°
km?). Thus, the proper recurrence formula for the Basin and Range Subregion becomes,

logN=2.75-1.0M,.
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Thisleaves only the Central Basin Platform, which is treated somewhat differently. Although theinitial
formulas' above were developed for areas near 7.2 x 10 mi (1.9 x 10° km?) (with some increased
confidence in their validity because of the relatively large areas of data collection), this cannot be done
for the Central Basin Platform source zone because it is unique and of very limited area. Therefore, it
cannot be treated as a scaled-down version of some broader region. Although recent work using data
from the Kermit array™ is available for this source zone, the recurrence formulation of Sanford et al.? is
used in thisrisk analysis primarily for consistency in approach. Based on the seismicity detected in the
Central Basin Platform since the installation of station CLN in April 1974, the cumulative number of
shocks versus magnitude may be expressed as,

logNg=3.84-0.9M,.

If the active portion of the Central Basin Platform is assumed to have an area of 2.9 x 10° mi? (7.5 x 10°
km?) during this period,? the proper recurrence relation for the Central Basin Platform source zone
becomes,

logN =2.74-09M,.

Because the Central Basin Platform seismicity is so really limited, this same recurrence formulais used
for all alternative geometric characterizations. This has the effect of maintaining a constant activity rate
for the Central Basin Platform as an entity.

These are the primary recurrence relationships used in the current risk analysis for the WIPP site.
However, whereas magnitudes as used in the site region attenuation law above, or in consideration of
maximum magnitude for a given source zone below, are by definition Richter local magnitudes, M, the
earthquakes used to determine the recurrence formulas have measured magnitudes crucia to formula
development. Some apparent disagreement exists in how site region magnitudes should be computed,
with some suggestion * that the local magnitudes determined by Sanford et al.? may be, in some sense,
too low. In order to test the effect of this possibility, an aternate set of recurrence formulasis derived by
incrementing the M, valuesin the above relationships by 0.5, in general agreement with the suggested
relation between a "corrected" magnitude®™ and the local magnitude of Sanford et al.> The effect of this
processis clearly to increase the activity rate of all source zones.

The four formulas now become:

logN =243 - M orr Site source zone (background)
log N =3.06 - M o Algermissen & Perkins Rio Grande rift source zone
log N =3.25 - M core Basin & Range subregion

logN =3.19-0.9 M xe Central Basin Platform
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The final parameter to be determined before WIPP facility risk may be computed is source zone
maximum magnitude. A simple consideration of maximum historical magnitude within each of the three
general source zonesis not conservative. Thisis particularly true of the northern part of the Rio Grande
rift source zone (Zone 43 of Algermissen and Perkins®) where a maximum historical intensity of only V
isknown. Asdiscussed above, the fault scarps in these areas, particularly along the margins of the San
Andres and Sacramento mountains, imply that major earthquakes have occurred in this region within the
past 5 x 10° years. The length of the faulting in these two areas [about 36 to 60 mi (58 to 97 km)]
suggests the possibility of earthquakes comparable in strength to the Sonoran earthquake of 1887.*

That Sonoran earthquake (M - 7.8) produced 50 mi (80 km) of fault scarp with a maximum displacement
of about 28 ft (8.5 m) extending southward from the U.S. - Mexico border at about 109W longitude.
Sanford and Toppozada' assume that a similar future event is possible west of aline whose location isin
good general agreement with the eastern boundary of either the Rio Grande rift zone as shown in

Figure 2.5-25, or the Basin and Range subregion as shown in Figure 2.5-26. This eclipses the more
southerly Valentine, Texas earthquake, whose magnitude was about 6.4. For this analysis, a maximum
magnitude event of 7.8 is assumed possible anywhere within the Rio Grande rift/Basin and Range
subregion source zone.

The selection of maximum magnitude events for the WIPP facility source zone and the Central Basin
Platform source zone is more difficult. Algermissen and Perkin® assign a maximum historical intensity
of VI to the Central Basin Platform. Thisis presumably the earthquake of August 14, 1966 which has
been assigned thisintensity in United States Earthquakes 1966.“> On the basis of this intensity and the
empirical relationship of Gutenberg and Richter,” a maximum magnitude event of 4.9 has been selected
for the Central Basin Platform by Algermissen and Perkins as appropriate for their probabilistic
acceleration analysis. The magnitude scale was designed to give some indication of the elastic energy
released at the earthquake source, and in this context a4.9 value is amost certainly an exaggeration of
the energy really released during that particular earthquake. This conclusion is based on both
macroseismic and instrumental evidence. In addition, several magnitudes have been published for this
earthquake (USCGS-3.4; Sanford et al.? - 2.5) which are substantially lower than the 4.9 value used by
Algermissen and Perkins. As discussed above, the maximum historical magnitude in the Central Basin
Platform source zone is probably between 3.0 and 4.0, even after uncertainty in magnitude calculation
methods is considered.

The features of this source zone that might bear on its possible maximum magnitude are the lack of
recent geologic evidence of tectonism and the high activity rate that may or may not be directly
associated with secondary oil recovery efforts. Sanford and Toppozada' conjecture that the maximum
magnitude might be 6.0 for this source zone, and in this study of risks, their example is followed for one
set of calculations. Because this value may be exceptionally conservative, an aternative maximum
magnitude of 5.0 is also considered.
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With regard to the WIPP facility zone, thereis even lessindication that significant magnitude events are
reasonably likely. Thereisno Quaternary fault offset,” and seismic activity islow. However, recent
studies'” show that some level of background seismicity must currently be considered for the site area if
conservatism isto be served. Apparently, an earthquake that current best evidence indicates was tectonic
in origin, and with a magnitude of 3.6 has, occurred within the site source zone itself, within about 40 km
of the WIPP facility. In addition, the June 16, 1978 event with an approximate magnitude of 4.4
occurred within the Permian Basin subregion although near its extreme eastern margin. That event may
have been induced by secondary oil recovery operations. Two maximum magnitudes are considered for
the WIPP facility source zone in the risk analysis of this section: 4.5, that is, maximum historical event
near the site of tectonic origin plus about one magnitude unit; and 5.5, the maximum event recorded
anywhere within the Permian Basin subregion, plus about one magnitude unit.

2.5.4.3 Calculation of Risk Curves

Risk Curves for the WIPP facility calculated using the McGuire® formulation are presented in this
section; first for individual model WIPP facility region source zones, and then for afew illustrative
combinations of risks from all source zonesin the WIPP facility region to form total WIPP facility risk
curves. In particular, a set of curvesis calculated for the WIPP facility source zone, another set for the
Central Basin Platform and athird set for the Basin and Range or Rio Grande rift source zone to the west
of the site. With a presentation of this type, the effect of earthquake source parameter variation may be
explored source by source, and the inherent complexity of the broad spectrum parameter approach is
thereby somewhat compartmentalized. The strength of the broad spectrum approach is that it allows an
objective (although not precisely formulated) estimate of the uncertainty in risk values associated with
given peak accelerations under the suite of possible geologic and seismic assumptions discussed
previoudly.

For the Basin and Range subregion or the Rio Grande rift source zone, two geometries (Figures 2.5-23
and 2.5-26) and two recurrence formulas (Section 2.5.4.2), but only one maximum magnitude are
considered. Thus, atotal of four risk curves, for this general source areato the west of the site, are
presented in Figure 2.5-27. The specific parameters associated with each of the four curves are listed in
Table 2.5-4.

In the case of the Central Basin Platform source zone, three geometries (Figures 2.5-23 and 2.5-26), two
maximum magnitudes, and two recurrence formulas are considered, so that atotal of 12 risk curves are
implied. However, preliminary calculations for the Central Basin Platform source zone as suggested by
recent seismicity (Central Basin Platform source zone is outlined by heavy dashed lines in Figure 2.5-26)
show that risks from this particular model of the Central Basin Platform source zone geometry are
generally less at low accelerations and much less at higher accel erations than those derived from the two
aternative geometries for given maximum magnitude and recurrence formula conditions. For example,
considering the case of a maximum Central Basin Platform source zone with a magnitude of 6.0, and a
recurrence formula of the form log N = 3.19-0.9 M annual risks of 3.07x10, 6.80 x 10°°, and
1.50x10° at the 1.3 ft/s? (40 cm/s?) acceleration level and 5.89x10*, 1.46x10°° and 3.67x10° at about the
2 ft/s? (60 cm/s?) acceleration level are computed at the site using the Algermissen and Perkins, Central
Basin Platform geology and recent Central Basin Platform seismicity suggested source geometries,
respectively. Thus, the four risk curves for the seismically implied Central Basin Platform source
geometry as shown in Figure 2.5-26, in association with the two maximum magnitudes and recurrence
formulas for this source zone discussed above, cannot produce the most conservative estimation of risk at
the WIPP facility. Because of the way risks from various source zones are combined to derive total risk
curves, the do not lead to significantly lower estimates of total WIPP facility risks than those obtained
using the Algermissen and Perkins geometry, given the particular form of the individual source zone risk
curvesin this study. Therefore, risk curves corresponding to the two alternative geometries are shown in
Figure 2.5-28.
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Finally, two maximum magnitudes and two recurrence formulas are considered for the background
seismicity of the site source zone. The four risk curves thereby implied are shown in Figure 2.5-29. To
aid in the task of keeping the assumptions underlying all these curves accessible, the parameters
associated with each curve in Figures 2.5-27 through 2.5-29 are listed in Table 2.5-4.

The effects of varying the maximum magnitude within a given source zone are straightforward, although
the details of these effects at the WIPP facility depend on the specific source-site geometric
configuration. The general effect of increasing the maximum magnitude in any source zone is to increase
the maximum acceleration at the WIPP facility attributable to that source zone, and to increase the WIPP
facility risks from that source zone at all lower acceleration levels. In the case of the Central Basin
Platform source zone, increasing the maximum source magnitude from 5.0 to 6.0 has the effect of
increasing the WIPP facility risk from this source by afactor of 12.7 for the case of the Algermissen and
Perkins®* geometry, and about 18.5 for the geologically suggested source geometry at the 40 crm/s?
acceleration level. This may be seen by comparing curves (1,2), (3,4), (5,6), and (7,8) of Figure 2.5-28.
At low risk levels, the asymptotic approach of the lower maximum magnitude curves (the odd numbered
curves of Figure 2.5-28) to an acceleration of just under 1.6 ft/s? (50 cmy/s?), and of the higher maximum
magnitude (or even numbered) curves to an acceleration of about 3.94 ft/s” (120 cn/s?), isclear. Very
similar behavior is exhibited in Figure 2.5-29 for the background seismicity of the WIPP facility source
zone. Inthis case, the ratio of siterisks at the 1.3 ft/s? (40 cnmy/s”) acceleration level due to curves
generated using maximum magnitudes of 4.5 and 5.5 is 1.21, and somewhat over twice this at the 4.59
ft/s® (140 cmV/s°) level.

The effect of different recurrence formulas may be seen in any of Figures 2.5-27 through 2.5-29. As
discussed above, the reason for considering different recurrence formulasis primarily to address the issue
of uncertainty in the WIPP facility region magnitude determination, since the way in which magnitudes
of recently recorded earthquakes are determined has a direct bearing on the form of the recurrence
formulas derived for source zonesin the WIPP facility region. In contrast, the maximum magnitudes
specified for each of these source zones do not depend critically on calculated magnitudes, and therefore,
are not dependent on the method of magnitude determination. For a given source zone geometry,
maximum magnitude, and acceleration attenuation law, all risk curves approach the same maximum
acceleration asymptote. The effect of any uncertainty in magnitude determination (acting through
differencesin recurrence formulas) is most noticeable at relatively higher risk levels. This may be seen
by comparing curve pairs (1,2) or (3,4) in Figure 2.5-27, pairs (1,3), (2,4), (5,7) or (6,8) in Figure 2.5-28,
or pairs (1,3) or (2,4) in Figure 2.5-29. For each of these risk curve pairs, the curves differ only in
recurrence formula. Therisk level at which convergence occurs for each of these pairsisclearly
dependent on therisk level at which asymptotic behavior becomes evident under a given set of
conditions. Convergence is not evident under the parameters used for the site source zone at the
probabilities considered. For the two Central Basin Platform source zone geometries, convergence takes
place at probabilities near 10° for a maximum source zone magnitude of 5.0, and at lower probabilities
for the higher 6.0 maximum magnitude. Thisrelatively simple behavior of curves from two different
geometries occurs because the closest approach to the siteis virtually identical for each of the two
alternate Central Basin Platform source zones whose risk curves are platted in Figure 2.5-28. For
earthquakes in the Basin and Range subregion or Rio Grande rift source zone, convergence is not evident
at the lowest annual risk level calculated. For each of the cases discussed, different recurrence formulas
lead to significantly different accelerations at risks lower than the convergence values. Thefina effect of
parameter variation on the individual source zone risk curves has to do with the variation of the
geometries of these zones. This effect is most easily seen in Figure 2.5-27 where effects of maximum
magnitude variation do not occur. Curve pairs (1,3) and (2,4) in thisfigure differ only in source zone
geometry characterization. The ratio of these curve pairsis not greatly dependent on risk level, being
near 2.1, 3.4, and 2.6 for accelerations of 40, 80 and 3.94 ft/s* (120 cm/s?), respectively.
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In both cases, risks from the Basin and Range subregion characterization are somewhat higher at agiven
acceleration level than those from the Rio Grande rift source zone of Algermissen and Perkins, because a
slightly greater proportion of the Basin and Range subregion is closer to the WIPP facility, as may be
seen by comparing Figures 2.5-25 and 2.5-26. For the Central Basin Platform source zone curve pairs
(1,5), (2,6), (3,7), and (4,8) differ only by source geometry. The asymptotic convergence of these risk
curve pairs closely approximates the behavior of convergence under recurrence formulavariation
discussed above, and at about the same risk levels for given maximum magnitude conditions. Again,
variation is greatest at high risk levels. Ratios of risk levelsfor the curve pairs above are almost
independent of the recurrence formulabeing 1.5 for curve pairs (1,5) and (3,7) and 2.2 for pairs (2,6) and
(4,8) at the 1.3 ft/s? (40 cm/s?) acceleration level.

In very genera terms, increasing the maximum magnitude of any source zone using the recurrence
formulas suggested by the magnitude calculation of Rogers and Malkiel,* or selecting the geology
implied Central Basin Platform and Basin and Range subregion source zone geometries, has the effect of
increasing siterisk levels. Using these observations, several extreme WIPP facility risk curves are
generated below.

Although much can be learned by considering each WIPP facility region source zone separately, severa
important issues cannot be addressed until total risk curves are generated combining the contributions
from the individual source zones. The processisillustrated graphically in Figure 2.5-30. In thisfigure
are shown the individual source zone curves for the Algermissen and Perkins™ Central Basin Platform
and Rio Grande rift zones (Figure 2.5-25) for maximum magnitudes of 6.0 and 7.8 respectively, and for
the site source zone using a maximum magnitude of 5.5. In each case, the Sanford et al.? recurrence
formulas are used. These are curve 2 of Figure 2.5-28, 1 of figure 2.5-27, and 2 of Figure 2.5-29. The
total WIPP facility risk curve calculated by combining these three individual curvesis shown as a solid
light linein Figure 2.5-30. This particular total risk curve closely approximates the most conservative
curve calculated in the WIPP Geological Characterization Report (Figure 5.3-6 of Reference 30, curve 4),
except that a maximum WIPP facility source zone magnitude of 5.5 instead of 5.0 isused. One point is
clear from Figure 2.5-31, under the assumptions used to cal culate the source zone risks shown in this
figure, the significance of the Rio Grande rift source zone to the total risk at the WIPP facility is
relatively small at all acceleration levels. Infact, thisisagenera result for all combinations of source
zone parameters considered. For the earthquake recurrence rel ationships considered for the various
source zones, thiswill be true at lower acceleration levels no matter what assumptions are made about the
maximum magnitudes in the WIPP facility and Central Basin Platform source zones. At higher
acceleration levels, thiswill be true unless the lowest maximum magnitude proper for the WIPP facility
source zone is lower than the 4.5 value considered here.

Note further that for the case considered in Figure 2.5-30, where 6.0 is the maximum magnitude event for
the Central Basin Platform source zone, probabilities are largely controlled by earthquakesin this zone
up to accelerations of around 0.04 g. For higher accelerations, the WIPP facility source zone is more
important. The cross-over acceleration is clearly afunction of the relative maximum magnitudes in the
Central Basin Platform and WIPP facility source zones. For alower maximum magnitude in the WIPP
facility source zone relative to the Central Basin Platform source zone, the latter zone would be expected
to dominate the WIPP facility total risk curve to higher acceleration levels. If the Central Basin Platform
source zone maximum maghitude is lower relative to the WIPP facility source zone, its significanceis
totally eclipsed by the WIPP facility source zone at all acceleration levels. Perhaps the most obvious
feature of the total risk curve of Figure 2.5-31 isits dominance by the WIPP facility source zone at higher
accelerations. Consideration of different combinations of source zone parameters indicates that this
feature of risk curves at the WIPP facility is universal for all cases derivable from the parameters
considered. Therefore, if the probabilities at which these higher acceleration levels occur are thought to
be of interest, it is the assumptions made about the immediate WIPP facility areathat are most critical.
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The question of total WIPP facility risk at a number of acceleration levels and under a number of
assumptions about source zone parameters is addressed graphically in Figure 2.5-31, where severa
extreme cases are considered. Four curvesin al are shown. Curves 1 and 2 both assume maximum
source zone magnitudes of 7.8, 6.0, and 5.5 for the Basin and Range subregion (or Rio Grande rift),
Central Basin Platform, and WIPP facility source zones, respectively, and recurrence formulas suggested
by the Roger and Malkiel™®> magnitudes. That is, curve 1 of Figure 2.5-31 is the result of combining
individual source zonerisks at the WIPP facility represented by curve 4 of Figure 2.5-27, curve 8 of
Figure 2.5-28, and curve 4 of Figure 2.5-29. Similarly, curve 2 of Figure 2.5-31 is the result of
combining individual source zone risks at the site represented by curves 2 and 4 of Figures 2.5-27
through 2.5-29, respectively. The difference between curves 1 and 2 of Figure 2.5-31 isthat curve 2 uses
source zone geometries taken from Algermissen and Perkins,* while curve 1 uses the slightly more
conservative alternate source zone geometries discussed in Section 2.5.4.2. Curves 3 and 4 of Figure 2.5-
31 both assume smaller maximum source zone magnitudes of 7.8, 5.0, and 4.5 for source zonestaken in
the same order as above and recurrence formulas suggested by Sanford et al.** Theindividual risk curves
used to generate these two total risk curves may be deduced from the above description and Table 2.5-4.
The differences between curves 3 and 4 are precisely the geometric differences between curves 1 and 2.

It isclear from the four total site risk curves of Figure 2.5-31 that the geometric differences considered
for the source zones do not introduce important differencesin total WIPP facility risk at any acceleration
level, although what small differences do exist are most evident at low accelerations. More importantly,
for all parametric variations allowed in this study, extremum curves as shown in this figure imply

accel erations associated with 10 “/y risks ranging between about 1.31 and 2.46 ft/s? (40 and 75 crm/s?),
accel erations associated with 10y risks between 75 and 130 cmv/s?, and 10y risk accel erations between
4.27 and 8.04 ft/s* (130 and 245 cm/s?).

255 Design BasisEarthquake

The stringent seismic criteriafor nuclear power plants do not apply to the WIPP facility due to the unique
character of the design and function of the facility. In particular, the terms " Operating Basis Earthquake”
(OBE) and "Safe Shutdown Earthquake" (SSE) are not applied to the WIPP facility. Rather, the term
"Design Basis Earthquake" (DBE) is used for the design of Class |l and I11A confinement structures and
components (Section 3.2.7). Asused here, the DBE is equivalent to the design earthquake used in
Regulatory Guide 3.24 (U.S. Nuclear Regulatory Commission).” That is, in view of the limited
conseguences of seismic eventsin excess of those used as the basis for seismic design, the DBE is such
that it produces ground motion at the WIPP facility with arecurrence interval of 1,000 years (Section
3.1.3). In practice the DBE is defined in terms of the 1,000-year acceleration and design response
spectra.

The generation of curves expressing probahility of occurrence or risk as afunction of peak WIPP facility
ground acceleration is discussed in detail in Section 2.5.4 for a number of possible characterizations of
WIPP facility region source zones and source zone earthquake parameters. The most conservative (and
the least conservative) risk curves are shown in Figure 2.5-31.
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From this figure, the most conservative calculated estimate of the 1000 year acceleration at the WIPP
facility is seen to be approximately 0.075g. The geologic and seismic assumptions leading to this
1000-year peak acceleration include the consideration of a Richter magnitude 5.5 earthquake at the site, a
6.0 magnitude earthquake on the Central Basin Platform, and a 7.8 magnitude earthquake in the Basin
and Range subregion. These magnitudes correspond roughly to equivalent epicentral intensity events of
VII, VIII and X1 on the Modified Mercalli intensity scale.® These values, especially the first two, are
considered quite conservative, and the other parameters used in the 0.075g derivation are also very
conservatively chosen. For additional conservatism, a peak design acceleration of 0.1g is selected for the
WIPP facility DBE. The design response spectrafor vertical and horizontal motions are taken from
Regulatory Guide 1.60 (U.S. Nuclear Regulatory Commission)* with the high frequency asymptote
scaled to this 0.1g peak acceleration value. These response spectra are shown in Figures 3.2-2 and 3.2-3.

This DBE and the risk analysis that serves an important role in its definition are directly applicable to
Design Class |1 and I11A confinement structures and components at the WIPP Facility. Underground
structures and components are Design Class 111B and as such are not subject to DBE. Mine experience
and studies on earthquake damage to underground facilities'” show that tunnels, mines, wells, etc., are
not damaged for sites having peak accelerations at the surface below 0.2g.

Design Class 111B underground facilities do not reguire the consideration of seismic effects based on the
above, and seismic load combinations with increased allowable stresses will not control the design.
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NOTE

Earthguakes located using the Kemit array network. e

All located events within the array (denoted by the small
rectangular area in the map to the left and in the regional
scale inset above) are shown, as well as those shocks on

the array’s periphery located by five or more array stations.

The light dashed lines enclose peripheral epicenters whether
or not they satisfy the five station criterion. Solid lines are
pre—FPermian faults, and the cross hatched lines the appro—

ximate boundary of the Central Basin Platform, both after

Rogers and Malkiel. e The regional location map below
shows the total map area to the left as well as the Kermit
array limits in a large scale context.
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Figure2.5-4b Explanation to Figure 2.5-4a

2.5-27 January 24, 2003



8¢-G¢

€002 ‘vz Arenuer

986T Joquieldss Og ybnoayl zoeT Arenuer T soxenbylfe3 Jo equinN JoswelbosiH G-Gzainbi4

v W el ISl

N> 30 M>25

f

o

>

NO OF ERRTHGUAKES
NO. OF ERRTHRUAKES
i

L)

{
|
|

This lllustration for
Information Purposes only.

3 [
TI INTERVALS nin INTERVALS

N> 20 M>15

]
B -]
I

NDO. OF EBRTHQUAKES
8

NO. OF ERRTHGUAKES

R -

3 o . 2 k] 4
TIME INTERVALS FIML INTERVALS

NOTE

The 24 3/4 year period from 1 January 1962 through 30 September 1986 was divided into eight sequential intervals of 1130 days each.
in these four histograms ars ths numbers of events in each interval with »>3.0, M>2.5, M>2.0 and M>1.5.

Shown

dVSd HY ddIM

V.T€-€0-dd IM/30A

¢ d31dVHD



WIPP RH PSAR DOE/WIPP-03-3174 CHAPTER 2

4.000

400

o\ o
L
> 0
Rugtnd
T o
*7«
TR
= Q0
39 88
O
- SANO)
— — e}
P 0+
O >
< 23
— o>
= >0
)
= B
o o
0 0.0
[ ]
-
O n O

o
<
O
8
~ o
Yo
- z o0
O e
= -
(@] =
O O
L =
|
— o
o
o
RN
N
0 a A
X O
—~ o=
(@) = R
@) gcw
0 FER
B S; [%]
\ \ \ I O Wi s
| = 0 c
aYaValel NN+ 7 aTaloN ANO' N aYalalal O]l v 2o
00¢ ¢ 007 ¢ 0091 0080 0000 Zlceos
—ou

21412 N NASOO |

Figure2.5-6 EarthquakesRecurrenceData(Log N versusM): 1 January 1962 through 30
September 1986

2.5-29 January 24, 2003



WIPP RH PSAR DOE/WIPP-03-3174 CHAPTER 2

D
D
D

C
C
C

N\
)0 0)
J

5D
4

I
2.400
s derived
1 set
M>2.0

z
~

S o 0 2
O © D 0
F- >
= o
D) L
< L
> v
o -
— 9 5
O o ©0

00 0 -
- . < A )
(@] - LLE 0
O o0
oD
=T 3
E5988
@) Co vy
(@] - o
@) © -2

- I 6
J = E
Rz
Q Ky
00 -

\ \ \ \ Cﬁ
00¢'¢ 00¥°¢ 0091 0080 0000
AN CC
2142.2 N NNSOOT

Figure2.5-7 Earthquake Recurrence Data (Log N versusM): 18 May 1974 through 24
July 1980 and 29 August 1983 thr ough 30 September 1986

2.5-30 January 24, 2003



WIPP RH PSAR DOE/WIPP-03-3174 CHAPTER 2

N _ s 0 _
@ 5 & m i ¥ =
3 = i + * "
o+ @ —
o N
: ﬁ@ =
5 - 43 N
™
[ N @
S z
3 6
Do 0 8§ o 2§ :
g + @ ) =
(5]
g <+ i
£ .
™~ . ~
o + + 4»9

36
3

p =
X
3 - = ) o op; [op: [P =
r = (e ] ~ jop] < o) 7
= e - - = = :
AN i W/ o
o8] — — —
= = = 2 = = .8
= 3 [ us |- - 33
5 = P 8
S — N [QN] — — (- ga
& g
jod TN £
S
= S T T - o 22
N NI ~ s - -
s 25
=
£
T o

1 T -

Figure2.5-8 Epicentersfor All Located Earthquakes. 1 January 1962 through 30 September 1986

2.5-31 January 24, 2003



WIPP RH PSAR DOE/WIPP-03-3174 CHAPTER 2

— o D
=r m Y 3¢] faal N
o =3 ™ ™ ™ A . =
- ¥ 3 bl + + -+ =
= - >
- <
o
w
hl'
88
el =
_ 5@ T2
2 - Sc
- O
IR
3%
=g
e
£
N — +8
S
g
3 - -
<
5+ +E)
S
8 =
~ o~
(SR + - C
A & P & & & ] £
.
]
= — T o o 9O O o D O
= imvmv:nv:nﬁ
b’mm(\;:\J~~DD
A [ BV
i an] o O @ O
; = = H O 5 O O
.8 L = MmN N - = O
; Nz
‘ =
2 EF 000806 -
2144.1

Figure2.5-9 Epicentersfor All Located Earthquakes: 5 April 1974 through 6 October
1978
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Figure2.5-10 Epicentersfor Located Earthquakeswith M §-2.5: 1 January 1962 through 30
September 1986
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Figure2.5-11 Epicentersfor Located Earthquakeswith M >2.5: 1 January 1962 through 3
February 1965
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Figure2.5-12 Epicentersfor Located Earthquakeswith M >2.5: 4 February 1965 through 9
March 1968
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Figure2.5-13 Epicentersfor Located Earthquakeswith M >2.5: 10 March 1968 through 13 April
1971
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Figure2.5-14 Epicentersfor Located Earthquakeswith M >2.5: 14 April 1971 through 17 May
1974
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Figure2.5-15 Epicentersfor Located Earthquakeswith M >2.5: 18 May 1974 through June 21,
1977
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Figure2.5-16 Epicentersfor Located Earthquakeswith M >2.5: 22 June 1977 through 24 July
1980
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Figure2.5-17 Epicentersfor Located Earthquakeswith M >2.5: 25 July 1980 through 28 August
1983
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Figure2.5-18 Epicentersfor Located Earthquakeswith M >2.5: 29 August 1983 through 30
September 1986
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Figure2.5-20 Site Region Structural Featuresand the Great Plains-Basin and Range
Physiographic Boundary
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Figure 2.5-23 Algermissen and Perkins Seismic Sour ce Zones
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Figure2.5-27 Risk Curvesfrom Basin and Range or Rio Grande Rift Seismicity
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Table2.5-1 EarthquakesOccurring Before 1962 and Centered Within 300 Km of the WIPP

Facility”

Date
Yr/Mo/Day

23/03/07
26/07/17

30/10/04
31/08/16
31/08/16
31/08/18
31/08/19
31/10/02
31/11/03
35/12/20
36/01/08
36/08/08
36/10/15
37/03/31
37/09/30
43/12/27
49/02/02
49/05/23
52/05/22
55/01/27

Origin, Time,
GMT

04.03
22:00

03:25
11:40
19:33
19:36
01:36
?
14:50
05:30
06:46
01:40
18:00
22:45
06:15
04:00
23:00
07:22
04:20
00:37

Location
El Paso, Tex.

Hope and Lake
Arthur, N.M.

34.5°N 105°W
Vaentine, Tex.
Vaentine, Tex.
Vaentine, Tex.
Vaentine, Tex.
El Paso, Tex.
29.9°N 104.2°W
34.4°N 103.2°W
Carlsbad, N.M.
El Paso, Tex.

El Paso, Tex.

El Paso, Tex.

Ft. Stanton, N.M.
Tularosa, N.M.
Carlsbad, N.M.
34.6°N 105.2°W
Dog Canyon, N.M.

Vaenting, Tex.

Intensity

(V)
ViIl
(V)

(V)
(1)
(V)
1EWY,
(V)
(1)
(1)
(Iv)
(V)

Q%)

Distance
260
a0

280
210
210
210
210
260
295
230
40

260
260
260
200
220
40

280
158
210

* A.R. Sandord and T.R. Toppozada, " Seismicity of Proposed Radio- active Waste | solation Disposal
Sitein Southeastern New Mexico," New Mexico Bureau of Mines and Mineral Resources, Circ. 143,

pp. -15 (1974).
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Table2.5-2 Modified Mercalli Intensity Scale of 1931*

VI.

VII.

VIII.

XI.

XII.

(Abridged)
Not felt except by avery few under especially favorable circumstances. (I Rossi-Forel scale.)

Felt only by afew persons at rest, especially on upper floors of buildings. Delicately suspended objects
may swing. (I to |l Rossi-Forel scale)

Felt quite noticeably indoors, especially on upper floors of buildings, but many people do not recognize it
as an earthquake. Standing motor cars may rock slightly. Vibration like passing of truck. Duration
estimated. (111 Rossi-Forel scale.)

During the day felt indoors by many, outdoors by few. At night some awakened. Dishes, windows,
doors disturbed; walls make cracking sound. Sensation like heavy truck striking building. Standing
motor cars rock noticeably. (I1V toV Rossi-Forel scale.)

Felt by nearly everyone; many awakened. Some dishes, windows, etc., broken; afew instances of
cracked plaster; unstable objects overturned. Disturbance of trees, poles and other tall objects sometimes
noticed. Pendulum clocks may stop. (V to VI Rossi-Forel scale.)

Felt by all; many frightened and run outdoors. Some heavy furniture moved; afew instances of fallen
plaster or damaged chimneys. Damage dlight. (VI to VII Rossi-Forel scale.)

Everybody runs outdoors. Damage negligible in buildings of good design and construction; slight to
moderate in well-built ordinary structures; considerable in poorly built or badly designed structures; some
chimneys broken. Noticed by persons driving motor cars. (V111 Rossi-Forel scale.)

Damage slight in specially designed structures; considerable in ordinary substantial buildings with partial
collapse; great in poorly built structures. Panel walls thrown out of frame structures.

Fall of chimneys, factory stacks, columns, monuments, walls. Heavy furniture overturned. Sand and
mud ejected in small amounts. Changesin well water. Disturbs persons driving motor cars. (VIII+to I1X
Rossi-Forel scale.)

Damage considerable in specially designed structures; well-designed frame structures thrown out of
plumb; great in substantial buildings with partial collapse. Buildings shifted off foundations. Ground
cracked conspicuoudly. Underground pipes broken. (IX Rossi-Forel scale.)

Some well-built wooden structures destroyed; most masonry and frame structures destroyed with
foundations; ground badly cracked. Rails bent. Landslides considerable from river banks and steep
dopes. Shifted sand and mud. Water splashed (slopped) over banks. (X Rossi-Forel scale.)

Few, if any, (masonry) structures remain standing. Bridges destroyed, broad fissuresin ground.
Underground pipe lines completely out of service. Earth slumps and land slips in soft ground. Rails bent
greatly.

Damage total. Waves seen on ground surfaces. Lines of sight and level distorted. Objects thrown
upward into the air.

* H.O. Wood and F. Neumann, "Modified Mercalli Intensity Scale of 1931," Seismal. Soc. Am. Bull., 21, pp.
277-283 (1931).
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Table2.5-3

Instrumental Origin Times, L ocations and M agnitudes of Earthquakes

Within 180 Mi of the WI PP Facility January 1, 1962 Through September 30, 1986"

Date Origin Time Epicenter
Yr/Mo/Da GMT Lat. Long.
North  West

62 03 03 18:16:48.1 33.80 106.40
62 03 06 09:59:09.7 31.08 104.55
6203 22 04:23:53.4 3425 106.51
62 04 09 23:42:58.0 3421 106.44
62 09 01 16:15:07.9 34.16 106.66
6302 22 07:02:08.1 3242 106.99
630222 08:53:18.1 3245 106.94
630308 06:16:40.0 3295 107.08
63 06 02 05:07:34.6 34.23 106.46
631219 16:47:28.4 3514 104.13
631230 08:48:14.6 34.03 106.54
640211 09:24:31.0 3435 103.73
64 03 03 01:26:26.6 3497 103.59
6406 18 20:20:18.5 33.14 106.10
6406 19 05:28:38.8 33.09 105.95
641108 09:26:00.5 31.93 102.98
641121 11:21:23.8 31.92 102.98
6502 03 11:32:34.4 35.10 103.80
6502 03 19:59:32.4 31.92 102.96
6505 27 18:50:53.9 33.88 106.73
6505 27 18:58:40.9 33.90 106.71
650529 13:01:08.2 33.87 106.69
6507 28 03:52:07.4 33.80 106.70
6508 30 05:17:29.8 31.92 102.98
66 08 14 15:25:47.1 31.92 102.98
66 08 17 18:47:21.0 30.71 105.98
66 08 19 04:15:44.6 30.30 105.60
66 08 19 08:38:21.9 30.30 105.60
66 09 17 21:30:13.0 3494 103.71
66 11 26 20:05:41.0 30.86 105.36
66 11 28 02:20:57.3 3040 105.40
66 12 05 10:10:37.8 3040 105.40
67 09 29 03:52:48.0 3227 106.91
68 03 09 21:54:25.7 32.70 106.05
68 03 23 11:53:38.7 3270 106.05
68 05 02 02:56:43.8 33.02 105.27
68 08 22 02:22:25.5 34.33 105.80
6905 12 08:26:18.5 31.95 106.44
6905 12 08:49:16.3 31.96 106.44
69 06 01 17:18:24.2 3423 105.18
69 06 08 11:36:01.9 3423 105.18
6910 19 11:51:34.4 30.80 105.70
710127 07:56:28.3 34.06 106.60
710325 02:43:02.4 3458 106.03
7107 30 01:45:50.3 31.74 103.09
7107 31 14:53:48.0 3159 103.12
710924 01:01:54.0 31.63 103.18
7202 27 15:50:03.9 3289 106.04
7207 26 04:35:43.9 3268 103.98

Located By
U L A U U
M S A S T
T G N L A
S L
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
2.5-57

om- E

12
29
17
18
3.0
25
15
16
2.0
2.9
17
25
22
12
17
2.9
2.6
29
32
2.0
2.0
2.0
2.6
2.7
31
29
4.8
3.8
2.2
3.0
35
35
2.0
29
22
2.6
2.0
32
25
2.0
24
34
2.6
17
37
3.6
3.0
22
29
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CHAPTER 2

Table2.5-3

Instrumental Origin Times, L ocations and M agnitudes of Earthquakes

Within 180 Mi of the WI PP Facility January 1, 1962 Through September 30, 1986"

Date Origin Time Epicenter
Yr/Mo/Da GMT Lat. Long.
North  West

721209 05:58:38.9 31.68 106.44
721210 14:37:50.2 31.68 106.41
721210 14:58:02.5 31.65 106.48
740202 20:39:22.6 3510 103.10
7407 31 17:34:48.5 3312 104.18
7408 17 07:35:17.3 30.30 105.77
7408 26 07:33:21.5 3444  105.79
7409 26 23:44:08.5 3281 106.16
741002 02:40:20.0 31.98 100.71
741027 16:18:53.9 30.53 104.79
741101 10:45:49.6 33.80 106.60
741112 02:31:59.0 32.06 100.98
741112 02:35:34.2 3213 102.67
741112 07:14.27.7 31.93 100.72
741121 16:22:58.6 3253 106.25
741121 18:59:05.8 3210 102.69
741122 08:54.00.1 3299 10114
741122 14:11:13.2 3381 105.15
741128 03:35:20.5 3259 104.12
7501 30 16:00:39.9 3115 102.85
750408 15:29:42.4 3218 10170
7504 20 16:59:56.4 31.29 102.60
7507 25 08:11:40.0 29.88 102.54
7508 01 07:27:41.2 30.65 104.57
7508 03 03:26:53.1 31.04 103.97
751010 11:16:55.5 3335 104.99
760110 01:49:58.5 3174 102.75
76 01 15 20:43:57.6 30.95 102.31
76 01 19 04:03:31.4 31.95 103.10
760121 23:11:17.2 30.90 102.29
7601 22 07:21.57.7 3192 103.05
76 01 25 04:48:27.3 31.93 103.09
76 01 28 07:37:54.7 3229 10127
76 02 04 16:15:30.0 31.67 10354
7602 14 05:35:22.1 31.61 10247
76 02 19 08:23:58.4 31.60 103.66
76 02 19 08:45:31.5 31.63 103.67
76 02 19 09:23:36.6 31.65 103.66
76 03 05 02:58:18.0 3192 102.59
76 03 20 12:42:20.4 3126 104.95
76 03 20 16:15:58.1 3220 103.10
76 03 27 22:25:21.9 3221 103.10
76 04 01 14:40:27.7 33.94 105.88
76 04 01 14:46:58.2 33.88 105.98
76 04 01 14:51:16.5 3394 105.87
76 04 03 20:40:51.4 31.30 103.17
76 04 06 18:09:00.3 33.88 105.93
7604 12 08:02:34.9 3225 10311
7604 18 03:48:18.5 3288 10594

Located By
N U L A U
M S A S T
T G N L A
S L
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
2.5-58

'UI'I'I—|CE

X X X

2.2
22
19
29
18
24
2.3
19
2.6
22
2.0
25
18
22
19
2.3
19
15
37
21
16
2.0
2.8
32
19
19
19
18
24
17
2.0
31
21
13
16
12
12
1.0
21
18
17
17
18
22
13
25
2.6
15
16
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Table2.5-3 Instrumental Origin Times, L ocations and M agnitudes of Earthquakes

Within 180 Mi of the WI PP Facility January 1, 1962 Through September 30, 1986"

Date Origin Time Epicenter L ocated By Mag.
Yr/Mo/Da GMT Lat. Long. N U L A U U

North  West M S A S T T

T G N L A E

S L P
7604 21 08:40:07.5 3223 103.06 X 18
760430 19:28:34.8 3196 103.20 X 15
76 04 30 19:51:12.5 3191 103.32 X 15
76 0501 11:13:40.1 3234 103.11 X 23
76 0503 06:52:59.3 3252 105.52 X 20
76 0503 08:00:38.9 3203 103.14 X 13
76 0503 11:27:39.3 32.03 103.06 X 12
76 05 06 17:18:24.0 3195 103.20 X 18
76 05 06 17:28:45.1 3190 103.17 X 11
76 0508 11:46:40.8 3197 103.12 X 10
760511 23:04:40.2 3225 102.96 X 1.9
76 05 21 13:17:27.8 3241 105.72 X 20
76 06 14 23:29:59.5 3159 102.59 X 17
76 06 15 02:19:56.3 3155 10229 X 17
76 06 15 08:50:20.6 3156 10242 X 22
76 07 28 12:21:50.6 33.03 102.30 X 19
76 08 05 18:53:09.2 3157 103.02 X 22
76 08 06 21:12:38.6 3178 102.59 X 18
76 08 10 09:03:14.3 31.83 102.42 X 17
76 08 10 09:12:28.6 3177 102.61 X 13
76 08 10 10:15:18.7 3179 102.54 X 2.0
76 08 15 19:12:04.3 30.14 105.22 X 22
76 08 25 01:21:23.5 3165 102.88 X 11
76 08 25 01:27:47.5 3157 10242 X 20
76 08 26 15:22:18.1 3179 102.57 X 16
76 08 29 19:49:24.4 30.12 105.23 X 21
76 08 30 11:51:24.8 3157 10258 X 18
76 08 30 13:07:47.5 33.89 106.29 X 16
76 08 31 12:46:22.2 3157 102.81 X 20
76 0903 21:00:24.7 3155 10348 X 17
76 09 05 10:39:43.4 3226 102.62 X 11
76 09 05 16:10:27.7 3161 103.31 X 1.4
76 09 10 19:18:43.4 3191 103.09 X 15
76 09 17 02:47:46.5 3220 103.10 X 22
76 09 17 03:56:29.5 3146  102.52 X 23
76 09 19 10:23:23.3 3214 103.10 X 1.2
760919 10:40:48.0 30.69 104.43 X 2.7
7610 14 11:02:59.0 3229 102.98 X 12
76 10 22 05:06:11.1 3157 10217 X 20
761023 12:51:35.8 3159 102.32 X 15
7610 25 00:27:04.8 31.83 102.65 X 21
7610 25 10:52:27.3 31.85 102.40 X 13
76 10 26 10:44:44.1 31.33 103.28 X 2.0
761103 23:24:06.4 30.86 101.88 X 18
761212 23:00:14.2 3152 10250 X 24
761212 23:25:57.6 3157 10261 X 15
7612 15 08:51:45.1 3164 102.75 X 11
761218 18:27:45.7 3162 103.02 X 15
761219 21:26:15.8 3178 102.56 X 18
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Table2.5-3

Instrumental Origin Times, L ocations and M agnitudes of Earthquakes

Within 180 Mi of the WI PP Facility January 1, 1962 Through September 30, 1986"

Date Origin Time Epicenter
Yr/Mo/Da GMT Lat. Long.
North  West
761219 23:54:23.3 3222 103.09
761219 23:56:47.4 3223 103.10
761223 08:36:58.0 3468 105.77
770104 18:31:37.6 3236 106.92
770104 23:41:58.0 34.03 106.00
770105 12:19:02.0 34.05 106.00
770108 20:20:27.2 3150 102.98
770129 09:40:40.1 30.53 104.84
770204 07:48:16.2 30.67 104.64
770210 01:22:50.8 3221 103.07
770218 14:10:36.5 3224 103.07
77 0301 11:50:45.9 31.25 103.28
77 03 05 22:56:14.6 31.47 102.84
7703 12 00:05:23.8 31.62 103.29
770314 10:10:25.6 3297 101.06
7703 20 07:54:08.4 3223 103.07
770323 11:02:51.8 31.81 10251
770329 00:35:34.7 31.60 103.28
770403 12:39:57.4 31.26 103.03
770403 13:48:09.2 3149 103.17
770403 14:24:07.3 3145 103.20
770404 00:44:05.3 3148 103.17
770404 01:47:50.4 3144 103.18
770404 04:35:56.8 3150 103.17
770404 04:47:30.4 3146 103.18
770404 05:01:29.8 31.23 103.01
770407 05:45:40.3 3223 103.07
7704 07 18:56:55.1 3153 103.29
770412 23:18:26.7 3122 102.58
770416 06:44.22.2 31.61 103.22
770417 21:47:09.9 3155 102.30
770418 18:08:24.1 31.60 103.28
770422 22:56:34.8 3221 10297
770425 10:12:51.4 3209 102.78
7704 26 09:03:07.3 31.90 103.03
770428 12:54:38.2 31.81 102.53
770428 12:55:40.1 31.80 102.53
770428 15:22:36.8 31.78 102.53
770429 03:09:41.3 31.81 102.58
770501 21:33:58.7 3145 103.16
77 06 07 23:01:20.9 32.85 100.90
77 06 08 00:51:26.0 3270 100.72
77 06 08 13:29:12.0 3289 100.95
77 06 08 13:39:25. 328 100.9
7706 17 03:37:05.9 3287 101.04
77 06 28 23:59:46.6 3154 103.30
770701 01:06:19.2 3150 103.34
77 07 05 10:40:27.4 31.60 102.10
770711 12:31:55.7 3179 102.69

Located By

XXX XXX XXXXXXX x X X X X X X =z 2z

X X X X X

X X

nonc

2.5-60

rz>r

> - C

'UI'I'I—|CE

x

X X X

15
21
19
2.7
24
17
11
19
17
11
12
12
14
11
24
16
11
1.0
11
16
15
16
13
13
13
13
19
14
17
0.8
13
14
1.0
14
21
0.9
2.2
13
13
11
32
2.6
3.0
2.6
2.7
2.0
17
17
17
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Table2.5-3 Instrumental Origin Times, L ocations and M agnitudes of Earthquakes

Within 180 Mi of the WI PP Facility January 1, 1962 Through September 30, 1986"

Date Origin Time Epicenter L ocated By Mag.

Yr/Mo/Da GMT Lat. Long. N U L A U U

North  West M S A S T T

T G N L A E

S L P
770711 13:29:49.7 3177 102.68 X 13
7707 11 17:19:37.6 30.98 104.90 X 12
7707 12 17:06:06.8 3178 102.72 X 15
7707 18 12:37:31.7 3177 102.76 X 18
7707 22 04:01:10.6 31.80 102.75 X 1.9
7707 22 04:18:10.7 3179 102.71 X 15
7707 22 04:36:50.8 3177 102.69 X 0.9
7707 24 09:23:00.7 3179 102.70 X 15
7707 26 02:01:08.7 3178 102.68 X 0.7
770728 12:17:17.8 3110 105.02 X 11
7707 28 23:35:43.1 31.00 104.91 X 1.0
7708 01 16:44:51.1 3097 104.92 X 1.0
770806 20:43:59.7 31.04 104.96 X 12
770809 16:07:00.5 31.04 104.65 X 11
7708 12 07:49:11.4 3140 103.45 X 1.2
7708 20 02:29:22.2 31.60 103.33 X 15
7708 21 03:01:09.7 3048 104.86 X 2.6
771013 21:36:11.0 32.74  100.75 X 22
771017 21:24:43.2 3157 10246 X 15
771024 22:50:04.6 3154 10251 X 13
771025 01:02:32.2 3152 10251 X 1.0
771029 00:49:11.6 3050 104.19 X 11
771105 12:28:53.7 31.08 104.97 X 11
771114 07:26:27.4 31.60 104.90 X 22
771127 20:48:18.1 33.03 101.08 X 25
771128 01:40:50.3 3290 101.02 X 34
7712 07 23:14:19.5 3156 10251 X 1.2
771216 11:56:41.9 3157 10254 X 1.4
771221 01:36:20.9 3149 102.36 X 1.4
771229 10:50:55.0 3162 103.26 X 12
771231 13:19:04.5 31.60 102.46 X 1.7
78 01 02 10:10:47.1 3160 102.53 X 18
780112 14:55:02.3 3145 102.18 X 19
78 01 15 23:18:08.2 3166 102.64 X 16
780118 08:53:19.5 3162 103.23 X 1.2
7801 19 03:42:35.1 3260 103.58 X 18
780121 01:17:02.4 3150 104.66 X 24
7801 24 14:26:22.4 30.68 104.59 X 11
78 02 04 15:35:48.4 3162 103.26 X 1.0
78 02 05 10:46:25.0 31.63 103.26 X 1.0
78 02 05 14:19:53.0 3141 10461 X 18
78 02 10 14:02:29.9 31.63 103.26 X 1.2
7802 18 14:22:37.1 3135 104.56 X 2.8
7802 18 14:29:20.3 30.62 105.16 X 1.7
7802 18 15:29:37.0 30.60 105.18 X 11
7802 18 16:44:04.7 30.61 105.19 X 1.0
7802 18 17:30:08.5 30.61 105.19 X 21
7802 18 17:54:09.8 30.61 105.19 X 15
7802 18 18:45:16.5 30.62 105.20 X 13
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Table2.5-3 Instrumental Origin Times, L ocations and M agnitudes of Earthquakes

Within 180 Mi of the WI PP Facility January 1, 1962 Through September 30, 1986"

Date Origin Time Epicenter L ocated By Mag.

Yr/Mo/Da GMT Lat. Long. N U L A U U

North  West M S A S T T

T G N L A E

S L P
78 02 19 07:05:18.7 30.61 105.18 X 11
78 02 19 12:12:00.0 30.61 105.19 X 21
78 02 20 02:52:55.4 30.62 105.20 X 11
780302 08:57:51.8 3218 103.07 X 12
78 03 02 10:04:50.1 3152 10241 X 28
78 03 02 11:27:09.4 3161 102.69 X 1.2
78 03 02 11:55:57.1 3159 102.61 X 18
78 03 19 10:48:49.1 3150 102.51 X 18
780328 05:51:35.4 29.69 104.04 X 11
780406 09:13:27.4 30.86 104.86 X 12
78 04 07 00:57:41.6 3194 105.33 X 23
780412 23:05:00.0 30.66 104.48 X 11
780530 13:19:31.7 30.65 104.56 X 14
78 06 03 11:40:18.2 3040 104.64 X 16
78 06 06 20:05:00.1 30.30 104.58 X 14
78 06 16 11:46:54.2 33.03 100.77 X 44
7806 16 11:53:33.0 3310 101.20 X 34
78 06 29 20:58:45.1 31.05 10194 X 34
78 07 05 02:45:06.7 3178 102.55 X 12
78 07 05 10:40:28.9 31.60 102.25 X 17
7807 18 12:07:32.8 3040 104.28 X 18
7807 21 05:02:36.2 3468 105.04 X 31
7807 21 20:35:41.6 3124 10248 X 17
7808 12 12:45:27.7 3162 103.27 X 0.9
78 08 14 13:29:43.7 3161 102.56 X 22
78 08 19 19:44:36.5 3157 103.21 X 0.8
78 09 29 17:59:41.4 30.32 104.66 X 19
78 09 29 20:07:43.3 3152 10251 X 23
78 09 30 23:31:475 3166 102.71 X 19
781002 09:35:06.9 3154 10251 X 17
781002 09:58:33.4 31.60 10255 X 17
781002 11:25:09.9 3151 102.52 X 2.0
781003 06:12:17.2 3191 102.99 X 18
78 10 06 15:23:46.3 3153 102.34 X 22
7901 19 09:07:55.1 3050 105.12 X 15
790213 19:02:13.4 30.17 104.36 X 15
7902 16 23:50:32.5 31.03 104.90 X 1.7
7903 28 15:20:02.8 3110 102.65 X 1.0
790425 00:19:26.0 31.93 101.99 X 16
790428 01:01:40.0 3058 104.69 X 21
7906 09 01:28:59.1 30.65 104.50 X 16
7906 28 19:23:454 30.38  105.15 X 16
7907 05 01:05:05.9 3290 10131 X 27
7907 17 07:26:14.4 3252 103.88 X 2.0
790803 05:29:38.3 3285 100.94 X 2.6
8002 05 23:56:54.7 2992 104.44 X 29
800321 08:35:23.7 3156 10241 X 10
8108 13 23:39:52.4 3191 102.58 X 22
810916 03:08:53.8 33.74 10524 X 18
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Table2.5-3 Instrumental Origin Times, L ocations and M agnitudes of Earthquakes

Within 180 Mi of the WI PP Facility January 1, 1962 Through September 30, 1986"

Date Origin Time Epicenter L ocated By Mag.

Yr/Mo/Da GMT Lat. Long. N U L A U U

North  West M S A S T T

T G N L A E

S L P
820104 16:56:08.1 3118  102.49 34
8207 22 14:38:55.6 3427 105.62 X 0.5
820828 08:04:18.2 3255 10452 X 11
8209 22 15:41:52.5 3410 106.10 X 0.5
821026 00:37:49.8 3364 103.58 X 15
821103 23:23:50.0 32.86 105.99 X 0.6
821125 18:50:08.6 3290 100.88 X 23
821128 02:36:48.0 33.00 100.80 X 33
830109 11:49:04.0 30.35 105.76 X 19
830112 10:11:12.5 3433 105.17 X 15
830129 11:44:52.2 3138 102.36 X 22
830303 18:13:44.7 29.80 104.29 X 2.8
8303 31 20:51:21.2 3236 106.42 X 17
8304 04 09:57:21.0 3058 10525 X 12
830411 11:19:15.0 3128 102.48 X 1.2
830417 19:39:02.0 3343 10593 X 17
830424 05:13:02.0 3232 103.90 X -15
830430 07:34:18.8 3330 106.43 X 34
830514 01:35:00.0 3192 106.67 X 0.8
830517 01:40:20.0 3147 103.57 X 20
830520 03:44:29.0 3150 102.08 X 12
8306 03 20:31:21.0 29.83 10342 X 11
8306 05 06:17:22.0 3252 105.35 X 13
8306 18 23:52:22.0 31.05 102.47 X 11
830621 23:01:13.0 3363 103.58 X 16
8307 06 22:17:02.0 30.38 103.28 X 1.2
830709 04:31:19.0 30.33  104.00 X 10
830709 17:06:02.0 30.35 104.02 X 0.7
830713 20:38:00.0 3287 10417 X 0.2
830721 15:35:26.0 30.95 105.15 X 16
830802 08:16:11.0 3258 103.60 X 0.0
830802 09:23:17.0 3255 103.67 X 0.0
830804 00:50:31.0 3260 105.12 X 13
830814 13:35:59.0 3347 10535 X 11
8308 19 03:17:02.0 3192 101.92 X 15
830819 03:31:07.0 3158 10217 X 13
830823 15:05:02.0 30.58 105.25 X 19
830826 04:56:40.0 3137 102.28 X 19
830830 21:16:01.0 3235 104.62 X 0.9
8308 31 11:10:07.0 3252 103.58 X 0.6
830831 22:25:58.0 31.80 10245 X 19
830906 11:12:48.0 33.75 105.82 X 10
8309 29 07:44:11.0 3493 104.43 X 27
830930 11:42:35.0 30.57 104.00 X 16
831109 00:12:49.0 3267 102.58 X 0.9
831112 03:11:18.0 3260 102.75 X 13
831116 21:01:50.0 3252 103.47 X -0.4
831201 10:05:59.0 31.83 102.02 X 1.4
831203 23:46:51.0 3090 103.33 X 21
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Table2.5-3 Instrumental Origin Times, L ocations and M agnitudes of Earthquakes

Within 180 Mi of the WI PP Facility January 1, 1962 Through September 30, 1986"

Date Origin Time Epicenter L ocated By Mag.

Yr/Mo/Da GMT Lat. Long. N U L A U U

North  West M S A S T T

T G N L A E

S L P
831226 11:05:11.0 3117 102.33 X 15
840102 10:29:36.0 3170 102.15 X 18
840103 09:38:18.0 30.80  103.00 X 15
840103 10:20:00.0 30.80 103.00 X 15
840103 10:28:33.0 30.80  103.00 X 13
840116 08:49:03.0 33.88 103.08 X 0.8
840116 12:09:44.0 33.88 103.08 X 11
840223 05:43:30.0 3265 104.02 X -0.7
840302 09:08:56.0 30.90 105.10 X 14
8403 12 12:37:10.0 3262 103.72 X 0.2
840323 01:37:36.0 3230 100.80 X 15
840324 22:58:00.0 34.75 105.30 X 0.5
8404 17 16:16:46.0 3243  106.57 X 15
840512 17:29:55.0 3417 105.63 X 11
840521 20:25:26.0 3237 104.03 X 1.2
84 05 26 00:57:16.0 3260 103.47 X -0.2
8406 28 01:58:29.0 34.33  105.98 X 0.1
8407 17 08:24:06.0 32.77 10592 X 13
8407 20 21:56:58.0 3468 105.38 X 0.3
840801 04:04:07.0 3270  105.90 X 0.4
8408 14 06:32:22.0 3350 106.45 X 13
8408 18 12:46:18.0 3153 103.12 X 18
840821 05:39:23.0 3357 10657 X 14
8408 25 00:01:32.0 3292 103.73 X 0.9
8408 28 12:13:54.0 34.27 105.67 X 1.0
840831 02:49:02.0 3472 105.30 X 13
8409 11 14:47:34.0 3200 100.70 X 30
8409 21 01:44:21.0 3467 105.38 X 15
8409 25 23:23:02.0 3235 102.58 X 0.8
841003 08:09:56.0 3280 103.98 X 0.7
841004 05:15:06.0 33.88 103.30 X 13
841110 23:10:00.0 3457 105.37 X 11
841127 19:06:03.0 3362 105.37 X 16
841204 20:36:30.0 3255 10312 X 25
841208 00:37:37.0 34.72 105.28 X 14
841212 23:53:40.0 3333 105.63 X 15
8501 06 14:30:45.0 3435 104.78 X 23
8501 06 22:49:30.0 3358 10542 X 11
850309 22:53:28.0 3393 105.15 X 13
8503 12 04:01:41.0 3340 106.10 X 13
850318 05:37:39.9 3236 104.72 X 16
8504 16 12:26:02.0 34.03  106.00 X 0.8
8504 16 12:27:06.0 34.03  106.00 X 0.4
850503 15:28:20.0 3117 104.68 X 19
8505 04 04:05:50.0 3335 106.40 X 0.5
850517 03:08:09.0 3472 105.30 X 12
850530 19:54:13.0 3257 106.93 X 10
850530 23:13:12.0 3255 106.95 X 11
8505 30 23:22:50.0 3248  106.92 X 1.2
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Table2.5-3

Instrumental Origin Times, L ocations and M agnitudes of Earthquakes

Within 180 Mi of the WI PP Facility January 1, 1962 Through September 30, 1986"

Date Origin Time Epicenter
Yr/Mo/Da GMT Lat. Long.
North  West

8506 02 13:54:54.0 31.25 102.18
8506 04 23:06:49.0 3465 105.33
8506 05 10:36:01.0 3257 106.92
8506 05 11:15:09.0 3258 106.92
8506 05 11:47:30.0 3252 106.80
8506 10 04:53:03.0 33.83 105.95
8506 10 21:23:24.0 3422 105.93
8506 12 01:58:31.0 34.72 103.82
8507 28 16:45:53.0 34.07 105.87
8508 02 01:39:57.0 3248 104.23
8508 04 13:57:27.0 3340 106.30
8508 12 19:55:12.0 3430 106.02
8508 27 04:58:59.0 33.37 106.08
8509 05 06:56:49.0 3365 103.75
8509 05 17:57:52.0 3255 106.95
8509 06 05:22:03.0 3252  106.90
8509 06 05:22:46.0 3255 106.93
8509 09 08:57:58.0 33.95 105.98
8509 18 14:49:39.0 30.93 103.47
8509 19 00:37:48.0 3257 106.90
8509 22 22:59:30.0 3257 106.93
8509 23 01:35:07.0 3257 106.93
8509 25 02:13:22.0 33.33 106.47
8509 25 19:23:22.0 3252 106.93
8509 25 20:35:07.0 3252 106.93
8509 25 23:01:38.0 3252 106.93
8509 26 01:04:23.0 3252 106.93
851023 02:28:29.0 3322 106.43
851113 06:17:58.0 3202 103.12
851113 08:47:19.0 3367 105.73
851113 23:07:58.0 3380 106.35
851128 19:39:05.0 3157 102.02
86 01 15 21:01:41.0 3450 10547
8601 28 03:52:37.0 3415 105.27
86 01 30 19:07:18.0 3355 103.98
86 01 30 22:26:37.0 31.17 101.23
86 02 07 12:36:09.0 3250 105.45
8603 11 05:57:07.0 32.08 105.07
86 03 21 00:36:13.0 3340 105.68
86 03 26 05:19:08.0 3462 105.28
86 04 05 13:41:48.0 34.07 105.75
86 04 17 21:04:30.0 3258 106.92
86 04 29 23:14:03.0 31.03 102.67
86 04 30 01:28:02.0 31.03 102.67
860511 10:35:44.0 30.60 105.97
86 05 18 14:06:43.0 34.38 105.65
86 0528 22:15:24.0 3175 105.12
86 06 07 02:29:50.0 30.17 105.48
86 06 19 05:06:08.0 3250 106.95

Located By
N U L A U
M S A S T
T G N L A
S L
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
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X
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X
X
X
X
X
X
X
X
X
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11
0.8
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0.8
11
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0.6
18
0.6
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18
18
12
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35
14
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16
15
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11
19
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Table2.5-3

Instrumental Origin Times, L ocations and M agnitudes of Earthquakes

Within 180 Mi of the WI PP Facility January 1, 1962 Through September 30, 1986"

Date Origin Time Epicenter
Yr/Mo/Da GMT Lat. Long.
North  West
86 06 27 09:47:24.0 3200 102.00
86 07 09 19:51:02.0 3150 102.48
86 07 20 19:31:26.0 3347 105.02
86 08 02 17:51:43.0 33.68 103.78
86 08 14 21:26:52.0 3257 104.68
86 08 15 07:59:20.0 33.02 103.77
86 09 10 16:50:49.0 3412 105.75

* REFERENCES 1, 2, 3,19, 20

Located By
N U L A U
M S A S T
T G N L A
S L
X
X
X
X
X
X
X
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Table2.5-4 Risk Curve Parameters

# Figure Curve Source Zone Recurrence Formula M s

1 2527 1 Algermissen & Perkins* Rio Granderift logN=256-M, 7.8
(see Figure 2.5-12)

2 2527 2 Algermissen & Perkins* Rio Granderift [og N =3.06 - M ogg 7.8
(see Figure 2.5-12)

3 2527 3 Basin & Range subregion (Figure2.5-15) logN =2.75-M 7.8

4 2527 4 Basin & Range subregion (Figure 2.5-15) log N = 3.25 - M rr 7.8

5 25-28 1 Algermissen & Perkins* Cen. Basin Plat. logN =2.74-0.9M 5.0
(see Figure 2.5-12)

6 25-28 2 Algermissen & Perkins* Cen. Basin Plat. logN =2.74-0.9M 6.0
(see Figure 2.5-12)

7 25-28 3 Algermissen & Perkins* Cen. BasinPlat. logN =3.19-09M g 5.0
(see Figure 2.5-12)

8 25-28 4 Algermissen & Perkins* Cen. BasinPlat. logN =3.19-09M g 6.0
(see Figure 2.5-12)

9 2528 5 Cen. Basin Plat. geometry suggested by  logN =2.74-0.9M 5.0
geology (see Figure 2.5-15)

10 2.5-28 6 Cen. Basin Plat. geometry suggested by  logN =2.74-09M 6.0
geology (see Figure 2.5-15)

11 2.5-28 7 Cen. Basin Plat. geometry suggestedby  logN =3.19-09 Mz 50
geology (see Figure 2.5-15)

12 2.5-28 8 Cen. Basin Plat. geometry suggestedby  logN =3.19-09 Mz 6.0
geology (see Figure 2.5-15)

13 2.5-29 1 WIPP Facility logN=193-M 4.5

14 2529 2 WIPP Facility logN=193-M 55

15 2529 3 WIPP Facility log N =2.43 - M o 45

16 2529 4 WIPP Facility logN =243 - M oxr 55

* S. T. Algermissen and D. M. Perkins, "A Probabilistic Estimate of Maximum Ground Acceleration
in the Contiguous United States,” U.S. Geol. Surv. open-file Report 76-416, pp. 1-45, (1976).21 «
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PRINCIPAL DESIGN AND SAFETY CRITERIA

This chapter discusses principal design and safety criteriafor structures, systems, and components (SSCs)
that protect the public, workers, and the environment from hazards posed by Waste I solation Pilot Plant
(WIPP) operations. For the WIPP, SSCs are categorized as Design Class I, 11, and I11 in the WIPP
System Design Descriptions (SDDs). Criteriafor the selection of Design Class|, |1, and |11 SSCs are
identified in the General Plant SDD (GPDD)* and are discussed in Section 3.1, General Design Criteria.
Design information for WIPP Design Class|, |1, and 111 SSCsis provided in Chapter 4, Facility Design
and Operation.

3.1 General Design Criteria

The mission of the WIPP is to permanently dispose of transuranic waste left from the research and
production of nuclear weapons. The WIPP facility was designed and constructed according to DOE
Order 6430, General Design Criteria Manual for Department of Energy Facilities, draft, dated June 10,
1981,% and codes and standards applicable at the time of construction. Facility modifications designed
prior to DOE Order 6430 being superceded were designed according to the revision of DOE Order 6430
and codes and standards applicable at the time of modification. Present and future modifications shall be
designed according to DOE Orders O 420.1, Facility Safety ® and O 430.1A, Life-Cycle Asset
Management*, and all applicable codes and standards as described by the SDDs.

The Department of Energy - Carlsbad Area Office (DOE-CAQ) and appropriate regulatory agencies
determined that permanent disposal in the WIPP facility protects human health and the environment. The
placement of CH waste in the WIPP began in March 1999 and 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 SSCsthat 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 shall be analyzed and
result in achangeto this SAR to address recovery.

3.1.1 TRU WasteCriteria
The acceptance criteria of remote-handled (RH) transuranic (TRU) waste to be received and disposed at
the WIPP facility is defined in this section. While CH waste has arelatively low surface dose rate,

lending itself to direct handling, RH waste surface dose rates require remote handling.

The WIPP shall provide disposal capacity of 6.2 million cubic ft (175,460 cubic m) of TRU wastein
TRU waste containers for underground disposal over an operating life of 35 years.

The WIPP shall have the capacity to process up to a maximum of 500,000 cubic ft (14,150 cubic m) of
CH TRU waste per year, and 10,000 cubic ft (283 cubic m) of RH TRU waste per year.

The acceptance criteriafor TRU waste to be disposed at the WIPP facility, and the basis for the criteria,
are presented in the RH TRU Waste A cceptance Criteria® (RH WAC) for the WIPP. The RH WAC®
incorporates five related sets of requirements:

® WIPP Operations and Safety Requirements

® Transportation Safety Requirements for the RH Road Casks

® Hazardous Waste Facility Permit Requirements
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® Compliance Certification Decision Requirements
® | and Withdrawal Act Requirements

3.1.2 Facility By-Products

3.1.2.1 Nonradioactive By-Products

The major non-radioactive by-product at the WIPP facility ismined salt. Basic design criterion isthe
mined salt shall be free of radioactive contamination. Other regulated non-radioactive hazardous
by-products shall be handled in compliance with applicable codes and standards.

3.1.2.2 Site-Derived Radioactive Waste

Site-derived radioactive waste shall be treated as radioactive mixed waste unless proof is available that
wastes are not mixed. The mixed waste shall be handled in accordance with the Hazardous Waste
Facility Permit,® asimplemented by the State of New Mexico Environmental Department. Because
derived wastes can contain only those materials present in the waste from which they were derived and
any materials or processes applied at WIPP, no additional chemical anaysis of the derived waste is
required for disposal. Characterization of derived waste shall primarily be based on information provided
by the generator and knowledge of the processes and materials at WIPP.

3.1.3 Design/Functional Classification of Structures, Systems, and Components
3.1.3.1 Design Classification of SSCs

The design classification system shall be used for categorizing SSCs of the WIPP facility, and to
determine the proper level of design requirements specified for each SSC. These requirements shall be
used to ensure that each SSC will perform its required design function reliably when subjected to: (1)
design basis accidents, (2) operating loads, (3) environmental operating conditions, and (4) natural
phenomena.

Classification categories shall be identified as Design Class |, 11, or 111, with Design Class 111 subdivided
into Design Class I11A and I11B, as defined in Section 3.1.3.1.1.

Where a single item performs two or more functions, and may be assigned to more than one design
classification, the more stringent class shall be assigned. Portions of an item performing different
functions may be assigned to different classesif the item contains a suitable interface boundary meeting
the requirements of Section 3.1.3.1.2, Design Class Interfaces.

The basic design codes and standards applicable to each class are shown in Table 3.1-1. SSCsare

assigned a Design Class on an item-by-item basis, in accordance with the WIPP engineering procedure
WP 09-CN3023, Design Classification Determination.”
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3.1.3.1.1 Design Class Definitions
313111 DesignClassl

Design Class | shall apply to SSCsfor the prevention or mitigation of the consequences of an accident or
severe natural phenomena that could result in a 50-year dose commitment beyond the WIPP Exclusive
Use Areain excess of 25 rem (250 mSv) Tota Effective Dose Equivalent (TEDE). Currently there are
no Design Class | SSCs at the WIPP.

31.31.1.2 Design ClasslI
Design Class |1 shall apply to SSCsthat:
° Provide permanent confinement
° Provide permanent shielding
o Monitor variables to:
- Verify that essential WIPP operationa limits are not exceeded

- Indicate the status of safety system bypasses that are not automatically removed as a part of safety
system operation

- Indicate the status of Design Class | items during al conditions of plant operations

- Verify that off-normal radiological dose limits are not exceeded following accidental releases of
radioactive material

313113 DesignClasslll|
This classification shall be divided into Design Class I11A and 111B asfollows:

Design Class |11A shall be applied to those SSCs not included in Design Class | or Design Class 1,
requiring a different level of quality, beyond that expected in commercial-industrial practice, and includes
any of the following functional areas:

® Airborne radioactivity monitoring following accidental releases of radioactive materials
® Major sustained stoppage of waste handling and disposal operations due to failure

® Design and fabrication complexity or uniqueness

® Potential for contamination due to component failure

® Specia considerations that are required beyond those contained in nationally recognized codes and
standards to ensure the health and safety of operating personnel

® Equipment failure could be of special significance to the health and safety of operating personnel

® Equipment with unigque subassemblies, when replaced, shall be identical in terms of function, form,
and fit

Design Class 111B: Class111B shall be applied to all other items.
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3.1.3.1.2 Design Class Interfaces

When the failure of less-stringently classified SSCs could prevent more-stringently classified SSCs
from accomplishing their required function, then one of the following options shall be followed:

® Change the design to preclude consequentia failure of the more-stringently classified item.

® Reclassify the less stringently classified item to correspond to that of the more-stringently classified
SSC.

® Provide an interface barrier to protect the more-stringently classified SSC.

Exceptions to these criteria shall be addressed on a case-by-case basis and described in the design
documents.

3.1.3.2 Functional Classification of SSCs
The SSC functional classifications, definitions, and applicability to WIPP are as follows:

® Safety Class. SSCswhose preventive or mitigative function is necessary to keep hazardous material
exposure to the maximally exposed individual (MEI) below off-site risk evaluation guidelines
defined in the WIPP RH SAR.

® Safety Significant. SSCs not designated as Safety Class, but whose preventive or mitigative function
isamajor contributor to defense in depth (i.e. prevention of uncontrolled material releases) and/or
worker safety as determined from hazards analysis.

For WIPP, "prevention of uncontrolled material releases" applies to SSCs whose preventive or
mitigative function is necessary to keep hazardous material exposure to a non-involved worker below
on-site risk evaluation guidelines defined in the WIPP RH SAR. These guidelines apply to personnel
located at 100 meters from a discharge point. As discussed in DOE-STD-3009-94,° these SSCs are
often not devel oped based on calculations and do not normally have numerical evaluation guidelines.
However, these cal culations and guidelines are currently included in the WIPP RH SAR, and are
therefore used as the basis for designation of this classification.

As discussed in DOE-STD-3009-94,% a Safety Significant SSC designation based on worker safety is
limited to those SSCs whose failure is estimated to result in an acute worker fatality or serious injury
to workers. For WIPP, a Safety Significant designation based on worker safety appliesto SSCs that
prevent an acute worker fatality or seriousinjury from hazardous material releasethat is outside the
protection of standard industrial practice, OSHA regulation, or mine safety regulation (MSHA).

® Defensein Depth. SSCsthat fulfill a defense-in-depth safety function important to accident
scenarios that are evaluated in the WIPP RH SAR.

® Balanceof Plant. This category includesfacility SSCs not identified above. SSCs or functions
required by OSHA and mine safety regulation are included in this category.
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3.1.3.3 Severe Natural Events
3.1.3.3.1 Design Basis Tornado (DBT)

The DBT isthe 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
(283 mi/hr [293 km/hr]), based on a 1,000,000-year recurrence period, and retain their safety function.

3.1.3.3.2 Design Basis Earthquake (DBE)

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.

3.1.4 Decontamination and Decommissioning

Design of equipment and areas within afacility that may become contaminated with radioactive or other
hazardous materials shall incorporate features to simplify decontamination. Examples of featuresto be
incorporated are identified in DOE Order 420.1.°

The WIPP shall be designed to have the capability of being decommissioned, shall have a documented
closure plan, and shall provide for the surveillance, maintenance, and decommissioning of the facility as
required by DOE O 430.1A* and DOE O 433.1°, Maintenance Management Program. The WIPP
equipment and facilitiesin which radioactive or hazardous materials are utilized shall be designed to
simplify decommissioning and to increase the potential for reuse of the facilities, equipment, and
materials.
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Referencesfor Section 3.1
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Waste I solation Pilot Plant General Plant Design Description (GPDD).

DOE Order 6430.1, General Design Criteria Manual for Department of Energy Facilities, June 10,
1981 draft (For reference only, superceded by DOE O 420.1 and Doe O 430.1A).

DOE O 420.1, Facility Safety.
DOE O 430.1A, Life-Cycle Asset Management.

WIPP-DOE-Draft 7-3123, Remote-Handled Waste Acceptance Criteria for the Waste Isolation Pilot
Plant.

Hazardous Waste Facility Permit No. NM4890139088-T SDF, issued by the New Mexico
Environment Department October 27, 1999.

WP 09-CN3023, Design Classification Determination.

DOE-STD-3009-94, Preparation Guide for U.S. Department of Energy Nonreactor Nuclear Facility
Safety Analysis Reports (Change 1, January 2000).

DOE Order 433.1, Maintenance Management Program for DOE Nuclear Facilities.
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Table3.1-1, Basic Design Requirements Page 1 of 3
Principal Codes and Standards
Typical Applicable Codes & Design Class Design Class Design Class Design Class
Equipment Standards 1 (7) 1 1A 1B
Structure/ DBE, DBT, X 2, @ @
Supports ACI-318, AISC
UBC, ANSI A58.1 X X X
SITE SPECIFIC @ D €N @
Liquid and Process | Vessel ASME VIII, NFPA X, (6) X 1) 1)
Air Handling 5
Processing and
Storage Equipment Piping and Valves | ANSI B31.1, NFPA X X (1)
Pumps (5)
UPC X
Pumps API-610, NFPA (5) X X 1)
Storage & Tanks API-650 or API-620 X X
Heat Exchangers | ASME VIII, TEMA X X (&) (&)
All Other MFR'sSTD X X
Equipment
Air Handling ARI, SMACNA, X, (3 X, (3 X, (3 X
Ducting & Fans AMCA
HVAC Filters PreFilters ASHRAE 52.68 X, (3), (4 X, (3 X, (3 X
HEPA Filters MIL F 51068C, X, (3) X, (3) X, (3) X
ANSI N 509, ANSI
N 510
Mechanical Crane & Related CMAA X X 1)
Handling Equip.
Equipment
CMAA, AISC, AWS X X 2
MFR'sSTD X X
Instrumentation |IEEE-NE X
and Electrical
ANSI STDSor NEC X X X X
MFR's STD X X X
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Table3.1-1, Basic Design Requirements Page 2 of 3
Principal Codes and Standards

Typical Applicable Codes & Design Class Design Class Design Class Design Class
Equipment Standards I (7) 1 1A 1B
Quality ASMENQA-1& X X X
Assurance SUPPLEMENTS
Program COMMERCIAL X
AND INDUSTRY
PRACTICES

NOTES

X - Minimum Requirements

(1) Reguirements shall be determined on case-by-case basis.

(2) Required for structure and supports needed for confinement and control of radioactivity.

(3) Except structures and supports that are designed to withstand DBE/DBT when specified in column 1 of thistable.
(See Section 3.2 for specific criteria)

(4) Underwriter's Laboratory (UL) class| listed.

(5) For fire protection systems.

(6) ASME Il for other class| vessels.

(7) Currently there are no Design Class | structures, systems, or components at the WIPP.

Definitions
ACI-318 American Concrete Institute. Building Code | ASHRAE 52.68 | American Society of Heating,
Requirements for Reinforced Concrete Refrigeration and Air Conditioning
(ACI-318-77) Engineers, Inc. Standard 52.68. Method
of Testing Air Cleaning Devices Used in
Central Ventilation for Removing
Particul ate Matter
AISC Specification for Design Fabrication and ASME VII American Society of Mechanical
Erection of Structural Steel for Buildings Engineers. Section VIII Division |
Pressure Vessel
AMCA Air Moving and Conditioning Association AWS American Welding Society
Fan Performance and Sound Testing
Requirements AMCA 210.67 and 300
ANSI B31.1 | American National Standards Institute, CMAA Crane Manufactures Association of
Power Piping America. Specification No. 70
Specification for Electric Overhead
ANSI A58.1 | Building Code Requirements for Minimum IEEE Ingtitute of Electrical and Electronic
Design Loads in Building and Other Engineers
Structures
ANSI N 509 | Nuclear Power Plant Air Cleaning Unitsand | MFR'S STD. A Commercia Catalogue Item Built to
Components the Manufacturer's Design Standard
ANSI N 510 | Testing of Nuclear Air Cleaning Systems MIL-F-51068C | Military Specification, Fire Resistant
High Efficiency Particulate Air Filters
API-610 American Petroleum Institute. Centrifugal NFPA National Fire Protection Association
Pumps for General Refinery Services
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Table 3.1-1, Basic Design Requirements Page 3 of 3
Principal Codes and Standards
Definitions
API-620 Recommended Rules for Design and NEC National Electrical Code
Construction of Large, Welded Low and
Pressure Storage Tanks
API-650 Welded Steel Tanks for Oil Storage SMACNA | Sheet Metal and Air Conditioning
Atmospheric Tanks Contractors National Association, Inc
ARI Air Conditioning and Refrigeration TEMA Tubular Exchanger Manufacturer’s
Ingtitute Association
ASME-NQA-1 | 1989 Edition, Quality Assurance Program | UBC Uniform Building Code
for Nuclear Facilities
UPC Uniform Plumbing Code. (American
Standard National Plumbing Code ANSI
A40.8)
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3.2 Structural Design Criteria
3.2.1 Wind Loadings

The design wind velocity for Design Class |1 structures shall be 110 mi/hr (177 km/hr) at 30 ft (9.1 m)
above ground. The wind velocity selected, with a 1,000-year mean recurrence interval, is adopted from
the results of a site specific wind and tornado study.! The design wind velocity exceeds the basic wind
velocity specified in American National Standard Institute (ANSI) Standard A58.17 for the geographical
location of the WIPP facility.

The design wind velocity for Design Class 111 structures shall be 91 mi/hr (146.5 km/hr), with a 50-year
mean recurrence interval, except for the Support Building and Exhaust Filter Building, which is 99 mi/hr
(159.3 km/hr) with a 100-year mean recurrence interval.

3.2.1.1 Vertical Velocity Distribution and Gust Factors

The vertical velocity distribution used shall be as given in Section 6 of ANSI Standard A58.12 using
exposure C (flat, open country; flat, open coastal belts; and grassland) for the design wind velocity,
including the appropriate gust factors. The ANSI standard contains the effective wind velocity pressures
for the overall design of structuresin Table 5 of the standard. The ANSI standard contains the effective
wind velocity pressures for the design of parts and portions of structuresin Table 6, and the effective
wind velocity pressures for calculating internal pressuresin Table 12.

3.2.1.2 Determination of Applied Forces

The procedures used to convert the wind vel ocity into applied forces on structures shall be as outlined in
ANSI Standard A58.1.%> Velocity pressures shall be determined from the tables using the design wind
velocity. The design wind loads shall be obtained by multiplying the effective velocity pressures by the
appropriate pressure coefficients in Sections 6.5 through 6.9, in accordance with Section 6.4 of ANS
Standard A58.1.> The design wind loads for enclosed structures are shown in Table 3.2-1.

3.2.2 Tornado L oadings

Tornado loadings applicable to certain Design Class |1 surface facilities are described in the following
sections. For purposes of structural design, the effects of atornado are described in Section 3.0 of
Bechtel topical report BC-TOP-3-A 2

3.2.3 Applicable Design Parameters

Tornado-resistant structures shall be designed for tornado loadings (not coincident with any accident
condition or earthquake) as outlined in Sections 3.3 and 3.4 of BC-TOP-3-A.% The parameters used for

the DBT are the result of a site-specific wind and tornado study for the WIPP facility,* and the loadings
shall be calculated based on the following tornado characteristics:
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Maximum wind speed 183 mi/hr (294.5 km/hr)
(Including effects of suction vortices)

Translational velocity 41 mi/hr (66 km/hr)
Tangential velocity 124 mi/hr (199.6 km/hr)
Radius of maximum wind 325 ft (99 m)

Pressure drop 0.5 Ib/in? (0.035 kg/cm?)
Rate of pressure drop 0.09Ib/in*/s  (0.006 kg/cm?/s)

The above tornado parameters are based on a 1,000,000-year recurrence period, and the maximum wind
speed shall be the vector sum of all velocity components.

3.2.3.1 Determination of Forces on Structures

The methods used to convert the tornado wind and atmospheric pressure change into forces and the
distribution of these forces across the structures shall be as outlined in Section 3.5 of BC-TOP-3-A.°
Combinations of loadings are discussed in Section 3.2.11.

The idealized pressure-time function shown in Figure 3.2-1 shall be used to determine the differential
pressure loading resulting from atmospheric change. The atmospheric differential pressure, with a
maximum value of 0.5 Ib/in® (0.035 kg/cm?), tends to force external surfaces of enclosed structures
outward.

3.2.3.2 Plant Structures not Designed for Tornado L oads

Structures not resistant to tornados, whose collapse could result in the loss of required function of
tornado-resistant structures, or systems that are under tornado loading conditions shall be analyzed for
their mode of failure. Thisisto ensure that such a collapse does not cause any tornado-resistant structure
or system to lose its intended function.

3.2.4 Water Level (Surface Flood) Design

The WIPP facility nominal grade elevation is more than 400 ft (122 m) above the probable maximum
flood (PMF) level of the Pecos River, and the WIPP facility is separated from the river by about 12 mi
(29.3 km) of gradually rising land. Since there are no perennia or intermittent streams near the WIPP
facility that have the potential for sustained flooding of the site, neither buoyancy nor static water forces
dueto flood elevations shall be considered in the WIPP facility design.

3.2.4.1 Phenomena Considered in Design Load Calculations

Phenomena such as flood currents or wind-induced waves shall not apply, because the grades for the
WIPP facility structures are more than 400 ft (122 m) above the PMF level on the Pecos River, and none
of the local drainage ways has the potential for sustained flooding of the WIPP facility.

3.2.4.2 Flood Force Application

As stated previously, the WIPP facility structures are above the PMF level and are not subjected to flood
loadings.
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3.2.4.3 Flood Protection
Protection against the PMF level on the Pecos River shall not be required for WIPP facility SSCs.

The on-site storm drainage system shall be based on a minimum 10-year, 24 hour frequency storm.
Culverts shall be designed to discharge a 25-year storm, utilizing the head available at entrance. At
on-site roads, the static head shall not exceed the subgrade. Minimum design concentration time shall be
five minutes. The site drainage system shall include and provide the following:

® Periphera ditches
® Culverts

® Ditches

® Under drains

The design shall be such that local probable maximum precipitation does not flood any of the
on-site facilities of Design Class I11A and higher. Onsite stormwater retention basins have adesign
capacity to hold two consecutive 10-year, 24 hours storm events.

3.2.5 Groundwater Design

3.25.1 Groundwater Forces

Forces exerted by water in the geological formations overlying the salt shall be considered as lateral |oads
on the shafts caused by the piezometric heads in the water-bearing zones of the Rustler Formation, and
shall be sealed to prevent seepage into the salt formations.

Surface water shall be prevented from entering the shafts by sloped shaft collars.

3.2.5.2 Design Loads

Groundwater forces shall be combined with other types of loads for structural design, as described in
Section 3.2.11, Combined Load Criteria.

3.2.5.3 Protection From Groundwater

Shaft linings and structures shall minimize water seepage, and shall be designed against hydrostatic
pressure since the water-bearing unit above the waste disposal level will not be drained. Chemical seds
shall be constructed, as required, around the shafts, under the water-bearing unit area to minimize water
migration to lower elevations, and water collection rings shall be provided to collect seepage that might
enter through the shaft lining.

Since there are no significant sources of moisture or groundwater in the Salado Formation underground
mined area, no additional humidity or moisture controls beyond those described shall be required.

3.2.6 Protection Against Dynamic Effects
To prevent plant equipment failures from generating internal missiles, rotating equipment shall be
designed, wherever possible, to preclude that possibility. Equipment identified as potential missile

sources shall be arranged and oriented so that any missile generated would impact a structure or barrier
capable of withstanding that impact, preventing damage to Design Class || SSCs.
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3.2.7 Seismic Design

Design Class |1 confinement SSCs shall be designed to withstand a Design Basis Earthquake (DBE).

The DBE, based on a 1,000-year earthquake has been established through a seismic study of the WIPP
facility region, as discussed in Chapter 2. This section summarizes the seismic input from Chapter 2, and
describes the methods and procedures of seismic analysis.

3.2.7.1 Input Criteria

The maximum ground acceleration for the DBE is 0.1g in both horizontal and vertical directions, and
shall be used in analysis and design of surface facilities and equipment. As described in Chapter 2,
several WIPP facility region seismic zone characterizations have been taken into account in establishing
the maximum ground mation.

3.2.7.1.1 Design Response Spectra

The design response spectrafor horizontal and vertical components of the DBE shown in Figure 3.2-2
and Figure 3.2-3, are based on a statistical analysis of the existing strong ground motion earthquake
records of various durations, recorded at sites having various geologic conditions and located at various
epicentral distances.

3.2.7.1.2 Derivation of Design Response Spectra

Synthetic earthquake time histories shall not be required for seismic design of the WIPP facility since
actual response spectra were used.

3.2.7.1.3 Critical Damping Values

The range of damping values (percent of critical) for SSCs shall be as given in Sections 2.2 and 3.2 of
BC-TOP-4-A,* and are shown in Table 3.2-2.

Damping values of soil and foundation materials are determined by laboratory tests.

The formulas used to determine the equival ent foundation damping coefficient shall be asgivenin
Section 3.3 of BC-TOP-4-A.* They are used when alumped parameter approach is appropriate for soil
structure interaction considerations.

3.2.7.1.4 Soil Supported Structures

The Design Class |1 surface structures shall be constructed either directly on caliche or compacted
sandstone, or on asand layer above the caliche. The foundation support materials shall be designed to
withstand the pressures imposed by the appropriate loading combinations, with an adequate safety factor.
3.2.7.1.5 Soil-Structure Interaction

Structural systems affected by soil-structure shall be analyzed, as applicable, in accordance with Section
3.3 and Appendix D of BC-TOP-4-A.*

3.2.7.2 Seismic System Analysis
The structures and systems shall be designed for either DBE or Uniform Building Code” (UBC)
earthquake loads, as specified in Section 3.1.3.
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3.2.7.2.1 Seismic Analysis Method

Analytical methods used for seismic analysis shall be as described in Sections 1.0 and 3.0 of
BC-TOP-4-A.*

The structural mode shapes and frequencies shall be calculated for the models for the fixed base cases.
Whenever appropriate, foundation structure interaction shall be analyzed in accordance with the methods
given in Section 3.3 of BC-TOP-4-A.* A response spectrum analysis shall be conducted for the structure
using the above calculated parameters. The results of the analysis shall include acceleration,
displacements, shears, moments, and other related information necessary for structural design. Design
allowables shall be as given in Section 3.2.11 of this document, for the various loading combinations
including seismic loadings.

The simplified method of analysis shall be used for frame type structuresin lieu of the analytical method
described above. The ssimplified method shall be acceptable for verifying the structural integrity of frame
structures that can be represented by a simple model. No determination of natural frequencies shall be
made, but rather the design acceleration shall be assumed to be 1.5 times the peak of the required
response spectrum.

3.2.7.2.2 Methods Used to Couple Soil with Seismic Structures

If adetailed design and soil investigation determines that a structure is founded on a sand layer of a depth
comparable to its plane dimension, foundation impedances based on elastic half-space theory shall be
developed and used to account for the soil-structure interaction as described in Section 3.3.1, of
BC-TOP-4-A*

3.2.7.2.3 Development of Floor Response Spectra

A simplified method shall be used to generate the approximate floor response spectra without the need of
performing atime history analysis of structures. The method used shall be as developed by Tsai and
Tseng,® which derives spectrum peak envelopes from the design response spectra shown in Figure 3.2-2
and Figure 3.2-3. Subsequently, the floor response spectra for equipment design shall be devel oped
using these peak envel opes and the frequencies of the soil-structure systems.

3.2.7.2.4 Effectsof Variationson Floor Response Spectra

Section 5.2 of BC-TOP-4-A* describes the various considerations that shall be used in the seismic
analyses, including the effects on floor response spectra of expected variations of structural properties,
damping, soil properties, and foundation-structure interaction. These calculations shall include the
details of the effects of variations on the floor response spectra.

3.2.7.2.5 Useof Constant Vertical Load Factors

The method of analysis used for both the vertical and horizontal directions shall be the re-spectrum
method. The induced forces, moments, and resulting stresses due to motionsin the vertical and the two
horizontal directions shall be combined by the square root of the sum of the squares (SRSS) technique.
3.2.7.2.6 Method Used to Account for Torsional Effects

Torsional effects, if significant, shall be included in the horizontal models at locations of major mass

and/or structural eccentricity. The techniquesin Section 3.2 and Appendix C of BC-TOP-4-A* shall be
used to account for torsional effects.
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3.2.7.2.7 Analysis Procedurefor Damping

The analysis procedure employed to account for damping in various elements of the model of a coupled
system shall be as described in Sections 3.2 and 3.3 of BC-TOP-4-A,* including the criteria for
evaluating the composite model damping of the system, and accounting for the damping of various
structural elements and foundations.

3.2.7.3 Seismic Subsystem Analysis

This section covers the seismic analysis of Design Class |1 equipment and subsystems essential to
confinement.

3.2.7.3.1 Determination of the Number of Earthquake Cycles

During the plant life, one DBE shall be assumed to occur. For the DBE, about 10 maximum stress cycles
shall be assumed to be induced in the SSCs, and the SSCs shall be designed on the basis of analytical
results. In general, the design of structures and equipment for the WIPP facility shall not be fatigue
controlled since most stress and strain changes occur only a small number of times, or produce only
minor stress-strain fluctuations or both. Earthquake and Design Basis Accident (DBA) full-design strains
occur too infrequently and with too few cyclesto generaly require fatigue design of structures and
equipment.

3.2.7.3.2 Basisfor the Selection of Forcing Frequencies

Structural fundamental frequencies shall be calculated in accordance with Section 4.2.1 of BC-TOP-4-A.*
3.2.7.3.3 Root-Mean Square Basis

The term "root-mean sgquare basis’ used for a combination of modal responses shall be the same equation
as SRSS given asfollows:

Qmax = (Q, ?max + Q,?max + ... + Q, 2 max)"?, where Q max = SRSS
3.2.7.3.4 Procedurefor Combining Modal Responses

The procedure for combining modal responses (shear, moments, stresses, and deflections or accelerations
or both) when a response spectrum modal analysisis used, shall be asfollows:

® The SRSS method of combining modal responses shall be used, if modes are not closely spaced.

e All significant modes up to 33 Hz shall be used in the analysis; however, the lowest three modes
shall always be used. Above 33 Hz the element acts as arigid body, and the calculations would be
trivial.

® \Where closely spaced frequencies of two or more modes occur, these modal responses shall be

combined in an absolute sum; the resulting sum is treated as that of a pseudo-mode, then combined
with the remaining modes by SRSS.
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3.2.7.3.5 Significant Dynamic Response M odes

Seismic designs of subsystems (i.e., floor or wall-mounted components, etc.) shall be based on modal
analysis by using the appropriate floor response spectra and the proceduresin Section 3.2.7.2.3. The
static loads equivalent to the peak of the floor spectrum curve shall be used only for: (1) a subsystem
that can be idealized as a single degree-of-freedom system, or (2) a multiple degree-of-freedom system
whose fundamental frequency isfar from all the other natural frequencies. In such cases, only the
fundamental mode shall be considered.

3.2.7.3.6 Basisfor Computing Combined Response

The basis for the methods used to determine the possible combined (two-component) horizontal and
vertical amplified response loading for seismic design of equipment, including the effect of seismic
response of the supports, equipment, and structures and components, shall be as described in
BC-TOP-4-A*

3.2.7.3.7 Amplified Seismic Responses

The dynamic analysis method used to analyze subsystems shall be as described in Section 3.2.7.2.1.
3.2.7.3.8 Modal Period Variation

The peaks of floor response spectra shall be widened, by an amount to be determined by the procedure
given in Section 5.2 of BC-TOP-4-A,* on both sides of the peak, to account for modal period variations
due to the variation of structural and foundation properties and idealization in mathematical modeling.
3.2.7.3.9 Torsional Effectsof Eccentric M asses

Thetorsional effects of valves and other eccentric masses shall be included.

3.27.310 Seismic Analysisfor Overhead Cranes

All overhead cranes used for waste handling shall have seismic retainer attachments to prevent them from
dislodging during a seismic event.

3.2.8 Snow L oadings

Design Class |1 structures shall be designed for a snow load of 27 Ib/ft.? (0.013 kg/cm?)

The design snow load is derived by using the 100-year recurrence snow load of 10 Ib/ft? (0.005 kg/cm?)
specified in ANS| Standard A58.1,? and by determining the quantity of standing water from winter
precipitation required to arrive at athreshold condition.

Roof snow loads shall be calculated by multiplying the design snow load by the appropriate coefficients
(CJ) specified in Figure 5, Figure 6, and Figure 7 of ANSI A58.1.%

In the combined loading cal culations given in Section 3.2.11, the roof snow loads shall be used in place
of the minimum roof live load, where such loading is more critical in governing the design.

3.2.9 Equipment and M aterials-Derived L oads

Equipment and materials-derived loads in this section are discussed by first defining loading
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nomenclature, then presenting the loading criteria.

3.2.9.1 Nomenclature

D

Dead Load - The dead load shall consist of the weight of the structure, permanent equipment, piping,
conduits, cables, and other permanent static loads.

Live Load - Theliveload shall consist of uniformly distributed occupancy loads, moving vehicle
loads, crane or its related equipment loads, snow and ice loads, and other loads which vary with
intensity and occurrence. The minimum uniformly distributed live loads, concentrated |oads, and
minimum roof live loads shall be those specified in ANSI A58.1,° Table 1, Table 2, and Table 3.
Thelive load arrangement design shall use the highest stresses in the supporting members.
Structures carrying live loads that can induce dynamic, vibratory, or impact forces shall be designed
for those forces, as specified in Section 3.4 of the ANSI A58.1,% or as determined by appropriate
anaysis.

Snow Load - A snow load shall be used in the design of structures, and shall be applied in
accordance with Section 7 of ANSI A58.1.% Snow load shall be used instead of roof live load, when
such loading is more critical to the design.

Wind Load - A wind speed of 110 mi/h (176 km/h), with a 1,000-year mean recurrence interval, shall
be used in the design of Design Class |1 structures. A wind speed of 99 mi/hr (158 km/hr), with a
100-year mean recurrence interval, shall be used in the design of the structural portions of the
Support Building, Exhaust Filter Building, and Building 412. All other Design ClassI11A and 111B
structures shall be designed for a basic wind speed of 91 mi/hr (145.6 km/hr) with a 50-year mean
recurrence interval. Conversion of wind speed to wind pressure shall be per Sections 6.1 thru 6.11 of
ANSI A58.1% and the DOE Guide for Calculation of Design Wind Pressures,” Sections A and B.

Total Tornado Load - The loads generated by the design basis tornado, W,, shall include the effect of
tornado wind and pressure differential. The most critical case of the following combinations governs
the design.

W, = Tornado Wind Load (W,,)
W, = Tornado Differential Pressure (W)
W, =W, +05W,

Seismic Load - Load generated by the DBE.

Hydrostatic Load - Vertical liquid pressure shall be considered as dead |oad with regard to variation
in liquid depth.

Soil Pressure - Structures or parts of structures which retain fills, excluding shafts, shall be
proportioned to withstand the lateral soil pressure, as given in the WIPP Soils Design Report -
Volume |, DR-22-V-01.2

Salt Creep - Provisions shall be made for eliminating or accommodating stresses, deformations,
and/or movements in structures, such as brattice walls, bulkheads, etc., adjacent to the salt. An
adequate gap shall be provided between the salt and structure to accommodate creep effect. For
structures, walls, or bulkheads that require sealing, the gap shall be bridged with afire-resistant or
noncombustible flexible material.

Thermal Load - Provisions shall be made for stresses, deformations, or movements resulting from
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variations in temperature. For surface structures, the ambient temperature rise or fall from that at the
time of erection, is assumed to be 60°F (15.6°C) for metal structures and 40°F (4.5°C) for concrete
or masonry structures. For underground structures, the ambient temperature rise or fall from that at
the time of erection is assumed to be 30°F (-1.1°C) for metal structures and 20°F (-7.5°C) for
concrete structures.

3.210 Thermal Loadings (Salt)

Waste shall be emplaced so thermal loading (heat generation) does not exceed an average of

10 kW/acre (24.7 kW/hectare).” Thermal analyses of geologic waste isolation in salt,’ show that more
than 150 kW (142.3 BTUY/s) of heat generating waste can be emplaced in an acre of a storage facility
without unacceptable impacts on the salt beds or the surrounding environment. However, a conservative
design limit of 10 kW/acre (24.7 kW/hectare) shall be established.

3.211 Combined Load Criteria

Design Class |1 confinement structures and supports shall be designed for dead, live, thermal, wind,
earthquake, tornado, and soil pressure loads.

The Design Class 111 structures, and those Design Class |1 structures and supports not required for
confinement, shall be designed in accordance with the UBC.”

3.2.11.1 Nomenclature

Nomenclature is defined in Section 3.2.9.1, and additional symbols related to the design of steel and
concrete structures shall be defined as follows:

Note: The 33 percent increase in allowable stresses for concrete and steel due to seismic or wind
loadings shall not be permitted.

S For stedl structures, S shall be the required strength based on the elastic design method and
the allowable stresses defined in Part | of the American Institute of Steel Construction
(AISC) Specification.™
U For concrete structures, U shall be the required strength to resist the design loads. Thisis
based on the strength design method described in America Concrete Institute Standard
318-77.1
3.211.2 Load Combinations
321121  Design Requirements

All structures shall be designed to have strengths at al sections at least equal to the structural effects of
the design loads as listed in Table 3.2-3 in such combinations as shown below.

Design Class || - Reinforced Concrete Structures

U=14D+14F+1.7L + 1.7H
U=14D+14F+1.7L + 1.7H + 1.7W
U=105D+1.05F+1.3L +1.3H+1.3T
U=105D+1.05F+1.3L +1.3H +1.3W + 1.3T
U=D+F+L+H+T+E’
U=D+F+L+H+T+W,
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Design Class || - Stedl Structures

S=D+L
S=D+L+W
155=D+L+T
155=D+L+T+W
1.6S=D+L+T+E’
16S=D+L+T+W,

Where the structural effects of differential settlement may be significant, it shall be included with the
dead load (D) in load combination. An estimation of this effect shall be based on a realistic assessment
of such effect occurring in service. When any load reduces the effects of other loads, the corresponding
coefficient for that load shall be taken as 0.9, if it can be demonstrated that the load is always present or
occurs simultaneously with the other loads, else the coefficient for that |oad shall be taken as zero.

Design Class I 1IA - Reinforced Concrete and Stedl Structures

Design Class I11A structures shall be designed in accordance with the provisions of UBC,> except that the
design loads shall comply with ANSI A58.1,2 unless otherwise specified in Table 3.2-3.

Design Class |11B - Reinforced Concrete, Steel, and Masonry Structures

Design Class I11B structures shall be designed in accordance with the provisions of UBC,” except that the
design loads shall comply with ANSI A58.1,2 unless otherwise specified in Table 3.2-3.

Design Class |11B - Pre-engineered Metal Building Structures

The pre-engineered metal building shall be designed in accordance with the Metal Building Systems
Manual of Metal Building Manufacturers Association,*” except that the design loads shall comply with
ANSI A58.1% with the following exceptions:
Wind load shall be calculated based on a basic wind speed, V, of 91 mi/h (145.5 km/h). For building
height less than 30 ft (9.15 m), the effective velocity pressures g, d,,, and ¢, in ANSI A58.1,% shall be
reduced using the following formulas.

0 = 0.00268 V2 (H/30)*"

a, = 0.00246 V2 (H/30)%"
(e = 0.00377 V2 (H/30)%"

Where H = Mean height of the roof or 15 ft (4.6 m), whichever is greater.

Seismic load shall be in accordance with the requirements set forth in UBC,® Seismic Zone No. 1.
Snow load shall be cal cul ated based on a basic snow load of 10 Ib/ft* (0.005 kg/cm?).

321122 Minimum Factors of Safety with Respect to Overturning, Sliding, and Floatation

In addition to the above load combinations, the following combinations and factors of safety shall apply
to structures when being checked for overturning, and sliding:

Minimum Factors of Safety
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Load
Combination Overturning Sliding
D+H+W 15 15
D+ H+E’ 11 11
D+ H+W, 11 11

Where Section 3.2.9.1 describesH, D, E’, W, and W, except that, for conservatism, only the weight of a
structure and the components permanently attached to it shall be accounted for in D. The factor of safety
against floatation, defined as the ratio of dead load divided by the hydrostatic uplift, shall be 1.1
minimum.

3.2.12 Soil Erosion Control
The design control measures to minimize soil erosion and to control sediment-laden runoff at the WIPP

facility shall be in accordance with the amended Water Control Commission regulations, Water Quality
Control Commission, State of New Mexico, and applicable federal regulations.
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Table3.2-1, Design Wind Load (Enclosed Structures Subjected to 110 mi/h Wind)
Height, ft Windward, | Leeward, | Roof, Sides, Limitations
(m) Ib/ft? Ib/ft? Ib/ft Ib/ft
(kg/m?) (kg/m?) (kg/m?) (kg/m?)
External 0-29 +26(+127) -19 (-93) -22 (-107) | -22(-107) | Height/Width<
(0-8.8) 25
30-49 +35(+171) -26 (-127) | -25(-122) | -25(-122) | Height/Length
(9.1-14.9) <25
50-99 (15.2- | +40(+195) -30(-146) | -35(-171) | -35(-171)
30.2)
100-149 | +45(+220) -34(-166) | -39 (-190) | -39 (-190)
(30.5-45.4)
Internal 0-29 -9 (-44) -9 (-44) -9 (-44) -9 (-44) No Openings
Pressure (0-8.8)
30-49 -10 (-49) -10 (-49) -10 (-49) -10 (-49)
(9.1-14.9)
50-99 -12 (-59) -12 (-59) -12 (-59) -12 (-59)
(15.2-30.2)
100-149 | -14(-68) -14 (-68) -14 (-68) -14 (-68)
(30.5-45.4)
Internal 0-30 +9 (+44) +9 (+44) +9 (+44) +9 (+44) No Openings
Vacuum (0-9.2)
30-50 +10 (+49) +10(+49) | +10(+49) | +10 (+49)
(9.1-15.2)
50-100 | +12(+59) +12(+59) +12(+59) +12(+59)
(15.2-30.5)
100-150 | +14(+68) +14(+68) +14(+68) +14(+68)
(30.5-45.7)

Sign convention:

+ Inward force
- Outward force
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Table3.2-2, Damping Values of SSCsfor Design Basis Earthquake

Structure or Component Damping Value % of Critical Damping

Welded steel structures 4

Bolted steel structures

.
Reinforced concrete structures 7
3

Equipment and large diameter piping systems,
pipe diameter greater than 12 in (30.5 cm)

Small diameter piping systems, diameter equal to 2
or lessthan 12in (30.5 cm)

Prestressed concrete structures 5
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Table3.2-3, Design Loadsfor Surface Structures®

DESIGN STRUCTURE SEISMIC TORNADO SNOW WIND
CLASS DBT Ib/ft? mi/hr
DBE UBC
Class|I Waste Handling Building X®@ X 27 110
Classl| Station A X X 27 110
ClassllIA Support Building 3 X 3 10 99
ClassllIA Exhaust Filter Building X 10 99
ClasslIIA Building 412 (3) X (3) 27 110
Class|lIB Warehouse/Shops Building X 10 91
Class|lIB Water Pumphouse X 10 91
Class1lIB SH Shaft Hoist House & X 10 91
Electrica Room
Notes:
(1) For definition of various loads, see Section 3.2.9.1.
(2) "X" indicates applicable load.
(3) Themain lateral force resisting members of the Support Building and Building 412 shall be designed for DBE and DBT to protect the
Waste Handling Building from structural failure.
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3.3 Safety Protection Criteria

3.3.1 Confinement Requirements

The regulatory requirements for confinement applicable to the WIPP are defined in DOE Order 0420.1,
Facility Safety. Confinement systems for the WIPP shall be designed to the pertinent provisions of DOE
Order O 420.1," Facility Safety, and shall accomplish the following:

® Minimize the spread of radioactive and other hazardous materials within the unoccupied process
areas

® Prevent, if possible, or minimize the spread of radioactive and other hazardous materials to occupied
areas

® Minimize the release of radioactive and other hazardous materialsin facility effluents during normal
operation and anticipated operational occurrences

® Limit the release of radioactive and other hazardous materials resulting from Design Basis Accident
(DBAS) including severe natural phenomena and man-made events, in compliance with the
guidelines contained in DOE Order O 420.1," Section 4.1.1.2, Design Requirements

The ventilation system of a confinement system shall maintain airflow into the containment rooms or

areas of abuilding to ensure that the airflow is from non-contaminated areas to potentially contaminated

areas, and then to areas potentially at higher levels of contamination.

Confinement systems for the WIPP shall be designed to specific provisions of DOE O 420.1,* Facility
Safety, asfollows:

® The primary confinement shall consist of the waste containers

® The secondary confinement system shall consist of the buildings/structures and associated ventilation
systems that enclose the primary confinement, and which are identified in Section 4.4

® Thetertiary confinement shall be the natural geologic setting

The secondary confinement shall be designed to ensure that it can withstand the effects of severe natura
phenomena and man-made events, including DBAS, and remain functional to the extent that the
guidelinesin DOE Order O 420.1," Section 4.1.1.2, Design Requirements, are not violated.

3.3.2 Fire Protection

The WIPP fire protection system shall be designed in conformance with the design criteria set forth in
DOE Order O 420.1, Facility Safety," and 30 CFR 57.7 The fire protection system design shall conform
to provisions of the following codes and standards, as applicable.

® Nationa Fire Codes of the National Fire Protection Association (NFPA)

® | oss prevention data sheets of Factory Mutual Research Corporation

® Uniform Building Code (UBC)

3.3-1 January 22, 2003



WIPP RH PSAR DOE/WIPP-03-3174 CHAPTER 3

3.3.3 Radiological Protection

The WIPP facility shall use design considerations that assure and maintain radiation exposures as low as
reasonably achievable (ALARA) to the general public and workers. These considerations shall be
consistent with the intent of the Radiological Control Manual, DOE/EH-0256T,* 10 CFR 835,* and
recommendations of Nuclear Regulatory Commission (NRC) Regulatory Guides 8.8° and 8.10.°

3.3.3.1 Controlled Areas

Entrance to and exit from controlled areas within the WIPP facility shall be implemented in accordance
with the WIPP Radiation Safety Manual.’

3.3.3.2 High Radiation Areas

All high radiation areas shall be designed with access control and warning devices in accordance with the
requirements set forth in DOE/EH-0256T* and 10 CFR 835.502.*

3.3.3.3 Shielding

The shielding design basis shall be to limit the maximum exposure to an individual worker to one-fifth of
the annual occupational external exposure limits specified in 10 CFR 835.% Within the design basis,
personnel exposures shall be maintained ALARA. Specifically, the shielding shall be designed to limit
the occupational exposure during normal operation to the administratively selected limit of 1 rem/yr

(10 mSv/yr) Tota Effective Dose Equivalent (TEDE) for operating personnel.

The integrity, design, and performance of concrete shielding shall be assured by adherence to the
requirements and practices recommended in ANSI N 101.6-1972, Concrete Radiation Shields.®

3.3.3.4 Nuclear Criticality Safety

Criticality safety requirements shall be considered for the WIPP in accordance with DOE O 420.1. The
basic elements and control parameters of programs for nuclear criticality invoked by the DOE order are
the American Nuclear Society’s ANSI/ANS nuclear criticality safety standards listed below:

ANSI/ANS-8.1° Nuclear Criticality Safety in Operations with Fissionable Materials Outside
Reactors
ANSI/ANS-8.3"°  Criticality Accident Alarm System

ANSI/ANS-85"  Use of Borosilicate-Glass Raschig rings as a Neutron Absorber in Solutions of
Fissile Material

ANSI/ANS-8.7%  Guidefor Nuclear Criticality Safety in the Storage of Fissile Materials
ANSI/ANS-8.15"  Nuclear Criticality Control of Special Actinide Elements
ANSI/ANS-8.19"  Administrative Practices for Nuclear Criticality Safety
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3.3.4 Industrial and Mining Safety

The WIPP surface SSCs shall be primarily designed to comply with the occupational safety and health
program requirements of DOE Order 5483.1A," and the Occupational Safety and Health Administration
requirements of 29 CFR 1910 and 29 CFR 1926 to minimize the potential for industrial accidents.

The WIPP hoists and underground systems and equipment shall be primarily designed in conformance

with the requirements of Mine Safety and Health Administration 30 CFR 572 and the New Mexico Mine
Safety Code For All Mines.™
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FACILITY DESIGN AND OPERATION

This Chapter provides an overview of (1) the design of the WIPP facility and associated principal
structures, systems, and components (SSCs), and (2) the RH waste handling/emplacement process.
Sufficient detail is provided to facilitate hazard identification and principal design and safety criteria
selection.

As discussed in the General Plant Design Description' (GPDD), no Design Class | SSC exists at the
WIPP. Designinformation is provided in this chapter only for those SSCslisted in Table 4.1-1 that have
been designated as Design Class |1, and I11A in the GPDD. Design ClassI11B SSCs are briefly described
only to the extent necessary to complete the overview of the facility design and operation. Detailed
design information on each SSC may be found in the respective System Design Description (SDD). The
methodology for establishing the design class and the basis for classification determination for SSCs can
be found in Appendix C of the GPDD.

4.1 Summary Description

The WIPP facility islocated in Eddy County about 26 miles east of Carlsbad, New Mexico,
encompassing 10,240 acres (16 sections) within the site boundary (Figure 4.1-1).

The controlled zones and associated fenced-in areas are described in Chapter 2. The facility is divided
into three basic groups: surface structures, shafts, and subsurface structures, shown on Figures
4.1-2a, 4.1-2b, and 4.1-3.

The WIPP facility surface structures 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 (approximately 35 acres) within a perimeter security fence
(Figure 4.1-28). RH TRU waste surface traffic flow is shown in Figure 4.1-2a.

The vertical shafts extending from the surface to the underground horizon are the waste shaft, the salt
handling (SH) shaft, the exhaust shaft, and the air intake shaft (AlS). These shafts are lined from the
shaft collar to the top of the salt formation (about 850 ft [259 m] 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 subsurface structures consist of the waste disposal area, the support area, and the north
(experimental) area (Figure 4.1-3). The experimental areawas deactivated in September 1996 (Portions
of this area were re-entered for the permanent disposal of salt mined from Panel 2 and are being
maintained open.
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WIPP SITE BOUNDARY AREA
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Figure 4.1-1, WIPP Site Boundary and Subdivisions
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Table4.1-1 Design Classes of Structures, Systems, and Components at the WIPP Facility

Pagelof 5

System/Component

Design
Class
(Note 1)

Seismic/Tornado Design
Requirements

Design Class Function

Waste Handling Building structure and structural components
including tornado doors (Bldg. 411)

413B)

PLANT BUILDINGS, FACILITIES, AND MISCELLANEOUSEQUIPMENT (SDD-CFOO)

Design Basis Earthquake
(DBE), Design Basis Tornado
(DBT)

Failure could create excess negative pressure in the
waste hoist tower

Design Class Interface. (Houses Local Processing
Units (L PU)s collecting data from Stations A and B)

Station B Effluent Monitoring Instrument Shed (Bldg 365) 1A Uniform Building Code Design Class Interface. (Houses monitoring equipment
(UBC) for Exhaust Filter Building duct)
Support Building (Bldg 451) 1A UBC (Note 2) Design Class Interface. (Houses Central Monitoring
Room (CMR)
Exhaust Filter Building (Bldg 413) 1A UBC Design Class Interface. (Houses Exhaust Filtration
System)
EFB HEPA Filter Units & Isolation Dampers Il Failure could prevent mitigation
EFB Exhaust System 1A Failure could prevent mitigation
Building 412 1A UBC (Note 2) Design Class Interface. (Structural interface with
(Originally TRUPACT Maintenance Facility) WHB)
4.1-7
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Table4.1-1 Design Classes of Structures, Systems, and Components at the WIPP Facility

Page2of 5

System/Component

Design
Class
(Note 1)

Seismic/Tornado Design
Requirements

Design Class Function

PLANT MONITORING AND COMMUNICATION SYSTE

M (SDD-CMOO)

and sub-systems

Central Monitoring System 1A Monitors important facility parameters
ENVIRONMENTAL MONITORING SYSTEM (SDD-EM 00)
Volatile Organic Compound (VOC) Monitoring Equipment 1A Monitors release of VOCs

HEATING, VENTILATION, AND AIR CONDITIONING (HVAC) SYSTEM (SDD-HV00)

Design Class Interface. (Control of radioactive
effluent)

HEPA Filters I Control of radioactive effluent

Tornado Dampers I DBE, DBT Control of radioactive effluent

Exhaust Systems HV02, (Bldg 411, RH HVAC), and HV04 A Design Class Interface. (Providefiltration and

(Station A and Bldg 413, Exhaust Filter Building HVAC) maintain differential pressure)

HVAC for the CMR 1A Design Class Interface. (Maintains acceptable CMR

environment)

RADIATION MONITORING SYSTEM (SDD-RMQ0)

Stations A3, B2, C, and D1 (including the UPSs) I DBE, DBT Monitors radioactive effluents

The remainder of the RMS SSCs are Design Class I11A 1A Monitors radioactive effluents

(except PV0OO equipment whichis111B)

UNDERGROUND HOIST SYSTEM (SDD-UHQ0)

Waste Hoist and Equipment 1A (Note 3) Failure could cause radioactive material release
4.1-8
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Table4.1-1 Design Classes of Structures, Systems, and Components at the WIPP Facility

Page3of 5

System/Component Design Seismic/Tornado Design Design Class Function

Class Requirements

(Note 1)
UNDERGROUND VENTILATION SYSTEM (SDD-VUO00)
Exhaust duct elbow a the top of the Exhaust Shat I DBE, DBT gg;)gn Class Interface. (Channels exhaust air to the
HEPA Filters and Isolation Dampers Il Control of radioactive effluent
Exhaust Eans for the filtration mode Il tl?s’_:g;B():Iass Interface. (Channels exhaust air through
Exhaust System Instruments and Hardware 1A Design Class Interface. (Supports Exhaust Filtration

System)
(6) High Pressure Fans for Bulkhead 309 (Pressure Chamber) 1A Maintain buffer zone between RMA and non-RMA
WASTE HANDLING EQUIPMENT (SDD-WHO00)
Facility Cask Il (Note 4) Provides permanent shielding
25-Ton Crane - Cask Unloading Room 1A (Note 6) Failure could cause radioactive materials rel ease
Telescoping Port Shield Il UBC (Note 5) Provides permanent shielding
Shield Bell Il (Note 5) Provides permanent shielding
Cask Unloading Room Floor Shield Valve Il (Note 5) Provides permanent shielding
Hot Cell Shield Valve Il (Note 5) Provides permanent shielding
4.1-9
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Table4.1-1 Design Classes of Structures, Systems, and Components at the WIPP Facility

Page 4 of 5

System/Component Design Seismic/Tornado Design Design Class Function
Class Requirements
(Note 1)
Transfer Cell Ceiling Shield Valve Il (Note 5) Provides permanent shielding
Hot Cell Viewing Windows Il (Note 5) Provides permanent shielding
Hot Cell Transfer Drawer Il UBC (Note 5) Design Class Interface (Provides permanent shielding)
Hot Cell 15-ton Bridge Crane A (Note 6) Failure could cause radioactive materials rel ease
Hot Cell Bridge and Trolley/PAR 6000 Manipulator 1A (Note 6) Failure could cause radioactive materials rel ease
Hot Cell Master-Slave Manipulators 1A (Note 7) Programmatic Impact
Hot Cell Grapple Rotating Block A Programmatic Impact
Hot Cell Grapples A Failure could cause radioactive materials rel ease
Shielded Insert A Failure could cause radioactive materials release
140/25 ton crane A UBC (Note 6) Failure could cause radioactive materials rel ease
Cask Lifting Yoke 1A Programmatic Impact
Facility Cask Rotating Device A Programmatic Impact
6.25 ton Overhead Fixed Hoist - Facility Cask Loading Room | Il1A Failure could cause radioactive materials rel ease
4.1-10 January 28, 2003
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Table4.1-1 Design Classes of Structures, Systems, and Components at the WIPP Facility Page5of 5
System/Component Design Seismic/Tornado Design Design Class Function
Class Requirements
(Note 1)
Facility Cask Loading Room Grapples 1A Failure could cause radioactive materials rel ease
The Horizontal Emplacement and Retrieval Equipment A Programmatic Impact
(HERE)
Transfer Cell Shuttle Car 1A (Note 6) Failure could cause radioactive materials rel ease
10-160B Drum Carriage Lift Fixture 1A Failure could cause radioactive materials rel ease
Notes
Note 1 See Table 3.1-2 for Basic Design Requirement and Table 3.2-3 for the Design Loads.
Note 2 The main lateral force resisting members of the Support Building and Building 412 are designed for DBE and DBT to protect the Waste Handling Building from
their structural failure.
Note 3 Design loads and requirements dictated by Mine Safety and Health Administration (MSHA).
Note 4 Cask certification requirements exceed DBT/DBE.
Note 5 System completely within aClass || confinement - DBE/DBT not required.
Note 6 Designed to hold load in place in the event of a DBE.
Note 7 Supports designed to prevent manipulator from falling during a DBE.
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4.2 Facility Design
4.2.1 Surface Structures

WIPFP s structures provide for the handling and subsequent underground emplacement of Transuranic
(TRU) waste. Surface waste handling operations are conducted within a controlled area (CA). The
normal extent of the CA for simultaneous contact handled (CH) and remote handled (RH) waste handling
activitiesis depicted in Figure 4.1-2a. Radiological control personnel will determine specific boundary
locations and posting requirements for CAs, as required by scheduled waste handling activities and
radiological conditions inside the Waste Handling Building (WHB). The CA external to the WHB
provides for the receipt, storage, and dispatch of truck-transported radioactive waste shipping containers.
Radiological control personnel will determine specific boundary locations and posting requirements for
the external CA consistent with scheduled activities.

The RH TRU waste shipments, including the transporter trailer and shielded road cask, are transferred
into the WHB for subsequent operations.

The land areas around the surface buildings are designed to minimize erosion. Runoff water is diverted
as necessary from the buildings, tracks, or roads and returned to the natural drainage path and into the
storm water retention basins.

The WIPP facility does not lie within a 100-year flood plain. There are no major surface-water bodies
within 5 mi (8 km) of the site, and the nearest river, the Pecos River, is approximately 12 mi (19.3 km)
away. The general ground elevation in the vicinity of the surface facilities (approximately 3,400 ft [1,036
m] above mean sea level) is about 500 ft (152 m) above the riverbed, and 400 ft (122 m) above the 100-
year flood plain. Protection from flooding or ponding caused by probable maximum precipitation (PMP)
eventsis provided by the diversion of water away from the WIPP facility by a system of peripheral
interceptor diversions. Additionally, grade elevations of roads and surface facilities are designed so that
storm water will not collect on the site under the most severe conditions. Repository shafts are elevated
at least 6 in (15.2 cm) to prevent surface water from entering the shafts. The floor levels of all surface
facilities are above the levels for local flooding due to PMP events.

Facilities at the WIPP site have been constructed to contain or control storm water discharges; these
include retention basins and storm water diversion berms. The two 180,000 gal (681,354 L) site water
tanks are located at the southwest corner of the property protection area, the topography of the site
includes asloping terrain to this corner of the site. Thereis a catch basin to the west of the water tanks,
which is designed with adequate capacity to hold the contents resulting from afailure of both water
tanks.

4.2.1.1 Waste Handling Building

The WHB and its associated systems provide afacility to unload TRU waste from the incoming shipping
containers and to transfer that waste to the underground disposal area viathe waste shaft. The WHB is
divided into the following functional areas: the CH TRU waste handling area, the RH TRU waste
handling area, the WHB support area, Building 412, and the WHB mechanical equipment room. The
general layout of the WHB is shown in Figures 4.2-1a and 4.2-1b, with sectional views shown in Figure
4.2-3.

4.2-1 January 28, 2003
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The WHB is asteel frame structure with insulated steel siding, and includes portions of the building,
such asthe Hot Cell and Transfer Cell, that are constructed of concrete for shielding and structural
purposes. The WHB acts as a confinement barrier to control the potential for release of radioactive
material and is classified as Design Class I1. The WHB is designed for Design Class |1 loads, including
the Design Basis Earthquake (DBE) and Design Basis Tornado (DBT). Waste handling areas subject to
potential for contamination are provided with impermeable protective coatings. The WHB Confinement
and Ventilation System is discussed in detail in Section 4.4, the Safety Support Systemsin Section 4.5,
and the Utility/Auxiliary Systemsin Section 4.6.

42111 RH TRU WasteHandling Areas

The RH TRU waste side of the WHB has two mgjor areas for handling RH waste: the RH bay and the
transfer complex. The transfer complex is divided into four sub-areas designed for specific functions: the
Cask Unloading Room (CUR), the Transfer Cell, the Hot Cell, and the Facility Cask Loading Room.

The major areas within the RH waste handling area are shown in Figures 4.2-1a and 4.2-1b, with
sectional views shown in Figure 4.2.3. Waste transport routes in the WHB are shown in Figure 4.2-2.

RH Bay

The WHB RH bay is a high-bay areafor receiving and initial handling operations of the 72-B and
10-160B shielded road casks. A trailer carrying a shielded road cask enters the RH bay through a set of
double doors on the eastern side of the WHB. For contamination control, the WHB ventilation systemis
designed to maintain airflow direction to the areas where postul ated accidents could occur. Ventilation
airflow isfrom the RH bay into the CUR and Hot Cell; from the CUR into the Transfer Cell; from the
Facility Cask Loading Room into the Transfer Cell; and from the Transfer Cell into the Hot Cell. The
RH bay houses the following equipment:

Overhead 140/25 Ton Bridge Crane

The Design Class I11A overhead 140-ton bridge crane with a 25-ton auxiliary hoist is used for road cask
handling and maintenance operations. The bridge crane is designed to stay on its rails retaining control
of theload during aDBE. The craneis controlled from a control box operated from the floor of the RH
Bay. The 140-ton main hoist has alifting height of 41 ft (12.5 m), while the 25-ton auxiliary hoist has a
lifting height of 42 ft (12.8 m).

Motorized Man Lifts

Two motorized man lifts are used to provide waste operations personnel elevated work platforms for
access to the 72B and 10-160B casks while the casks are on their transport trailers. Waste operations
personnel use the platforms to perform the initial waste handling activities of removing the impact
limiters from the road casks and performing any work required for readying the casks for lifting from
their trailers. After the 10-160B road cask has been off-loaded, waste operations personnel, working off
thelift, remove thelid bolts.

RH TRU 72-B Road Cask

The RH TRU 72-B road cask is a stainless steel, lead-shielded cask designed to provide double
containment for shipment of transuranic waste materials. The packaging consists of a cylindrical
stainless steel and lead cask body, a separate inner stainless steel vessel, and foam-filled impact limiters
at each end of the cask body.
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The cask body (OC) consists of a1.5in (3.8 cm) thick, 41.1 in (104.5 cm) outer diameter stainless steel
outer shell, and alin (2.54 cm) thick, 32.4 in (82.2 cm) inside diameter stainless steel inner shell, with
1.9in (4.76 cm) of lead shielding between the two shells. A 5in (12.7 cm) thick bottom forging is
welded to the OC. The OC isclosed by a6 in (15.2 cm) thick stainless stedl lid and 18, 1.25 inch
diameter bolts. The main closure lid has a double bore-type O-ring seal. The containment sedl isthe
inner butyl O-ring seal, which isleak testable. The OC lid has a single vent/sampling port that is sealed
with butyl O-rings. The nominal 27,900 Ib (12,648 kg) OC provides a containment boundary for the
payload and also acts as an environmental barrier. The OC lead shielding assures the surface radiation
levels are below DOT limits.

The separate inner vessel (1V) is constructed of a1.5in (3.8 cm) thick bottom forging welded to a0.4 in
(0.95 cm) thick, 32 in (81.2 cm) outside diameter shell. The6.5in (16.5cm) IV lid is secured by eight,
7/8-inch bolts and has a single vent/sampling port The IV cavity has a minimum diameter of 26.5in
(67.3cm), and is121.5in (308.6 cm) long. The nominal 4,000 Ibs (1824.8 kg) 1V provides a
containment boundary for the RH waste canister

The RH TRU 72-B road cask is certified by the NRC per 10 CFR 71.63(b). The general road cask
arrangement, shown in Figure 4.2-4, includes impact limiters, weighing nominal 2500 Ibs (1155 kg)
each, at each end of the road cask which function to provide protection of the seal areas during the
hypothetical transport accident events. Each impact limiter is constructed of polyurethane foam-filled
stainless steel attached to the OC with six, 1.25-inch diameter bolts. The approximate total weight of a
72 B road cask with impact limiters and a fully loaded RH canister is 45,000 |bs (20,412 kg).

The impact limiters are provided with lifting lugs, allowing the use of rigging for handling. Both of the
road cask lids have "bayonet" openings in the outside center for insertion of lifting fixtures. Both lids
are also provided with threaded holes for insertion of lifting bolts or eyes. The shielded road cask has
two transport trunnions, used for support during transport and as a mounting point for the road cask
transfer car. It also has four handling trunnions, located 90° apart at the lid end, used for lifting in the
RH bay and CUR, and two trunnions located at the opposite end used for rotating the cask from the
horizontal to the vertical position.

RH TRU 10-160B Road Cask

The 10-160B road cask is a steel, lead-shielded cask designed to provide single containment for shipment
of transuranic waste. The packaging consists of acylindrical carbon steel and lead cask body with impact
limiters at each end. The cask is designed to safely transport ten 55-gal drums of RH TRU waste in two
stacked drum pallet/carriage units holding 5 drums each. The maximum transport weight of the contents
is14,500 Ib (6577.1 kg)

The cask body consists of a2.0in (5.08 cm) thick, 78.5 in. (199.4 cm) outer diameter carbon steel outer
shell, and a 1.1 in (2.86 cm) thick, 68 in (172.7 cm) inside diameter carbon steel inner shell, with 1.91in
(4.76 cm) of lead shielding between the two shells. A 5.5in (13.97 cm) thick flat circular steel bottom
plate is welded to the inner and outer shells. The lead shielding assures the surface radiation levels are
below DOT limits. Theinternal cavity dimensions are 68 in (167.6 cm) in diameter and 77 in (195.5 cm)
high. The overall length of the cask without impact limitersis 88 in (223.5 cm). An 11 gage stainless
steel thermal shield surrounds the cask outer shell in the region between the impact limiters. The cask is
closed by a5.5in (13.97 cm) thick steel primary lid, weighing 5300 Ibs (2404 kg), that is attached to the
cask with 24 evenly spaced 1.75 in (4.45 cm) diameter bolts. Thelid closureis made in a stepped
configuration to eliminate radiation streaming at the lid/cask body interface. A double silicone O-ring
providesthe lid to cask sedl.
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The primary lid hasa 31 in (78.7 cm) diameter opening that is equipped with asecondary lid. The5.5in
(14 cm) thick 46 in (116.8 cm) diameter steel secondary lid, weighing 2150 Ibs (975.2 kg), is attached to
the center of the primary lid with 12 evenly spaced 1.75 in (4.45 cm) diameter bolts. The secondary lid
has multiple steps machined in its periphery which match those in the primary lid, eliminating radiation
streaming pathways, and is sealed to the primary lid by a double silicone O-ring.

The RH TRU 10-160B road cask is certified by the NRC per 10 CFR 71.63(b). The 10-160B road cask
arrangement, shown in Figure 4.2-5, includes impact limiters at each end of the road cask. The upper (lid
end) impact limiter weighs 5,300 Ibs (2404 kg) while the lower weighs 5,200 Ibs (2358 kg). Both impact
limiters extend about 12 in (30.5 cm) beyond the outside wall of the cask and are installed prior to
transport so that the cask can meet al transport environment and accident conditions. Each 102 in (259
cm) outside diameter impact limiter is constructed of polyurethane foam-filled stainless steel. The
impact limiters are secured to each other around the cask by eight ratchet binders. The approximate total
weight of afully loaded 10-160B road cask with impact limitersis 72,000 Ibs (32658.65 kg) and has an
overal length of 1301in (3.3 m). Theimpact limiters are provided with lifting lugs, allowing the use of
rigging for handling. The 10-160B cask is equipped with four tie-down lugs welded to the outer shell.
The cask also has two lifting lugs and two redundant lifting lugs which are removed during transport and
reinstalled for waste handling operations. The secondary lid is equipped with three lifting lugs used to
lift both lids. Both lids are covered by the top impact limiter and rain cover during transport.

Cask Lifting Yoke

The Design Class I 11A lifting yokeis alifting fixture that attaches to either hook of the 140/25-ton crane
and is designed to lift and rotate the 72B road cask by engaging its handling trunnions. Figure 4.2-6
shows the 140/25-ton overhead crane with the cask lifting yoke lowering a 72B road cask onto the 72B
cask transfer car.

72B Road Cask Transfer Car

The 72B road cask transfer car is a self-propelled, rail guided structural steel car with two A-frame
supports and a bottom positioning fixture designed to hold the 72B road cask in the vertical position.
The point of the A-frame is designed to cradle the transport trunnions of the road cask (Figure 4.2-7),
while the positioning fixture prevents the cask from moving.

The four wheeled car, weighing 3950 Ibs (1792 kg) , is designed to transport the loaded 72B road cask
from the transport trailer to the cask preparation station, then to the CUR. It also repeats the routein
reverse for empty road casks. Each of the two front wheelsis powered by an electric motor which moves
the car at one of two speeds, 16.5 or 66 ft. (5.0 or 20.1 m) per minute.

10-160B Road Cask Transfer Car

The 10-160B road cask transfer car (Figure 4.2-8) is afour wheeled, self-propelled, rail guided structural
steel car constructed similar to the 72B cask transfer car without the A-frame structure. The 10-160B
road cask transfer car weighs 2930 Ibs (1329 kg) and is designed to transport the 10-160B road cask, in
the vertical position, from the transport trailer to the CUR. It also repeats the route in reverse for an
empty 10-160B cask. Each of the two front wheels is powered by an electric motor which moves the car
at one of two speeds, 16.5 or 66 ft. (5.0 or 20.1 m) per minute. The 10-160B road cask transfer car can
be configured with an A-frame structure to support the 72-B road cask.
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Cask Preparation Station

The cask preparation station is a elevated work platform designed to provide accessability to the road
cask lid areato allow workers to perform unloading and shipment activities such as; radiological surveys,
inspections, and minor maintenance. The cask preparation station work deck is9 ft 6in (2.89 m) above
the RH bay floor and straddles the road cask transfer car rails.

The removal/installation of the 72B cask outer lid and installation of the inner lid lift fixture (pintle) is
performed at this location.

10-160B Cask Lid Lift Fixture

The 10-160B lid lift fixture has a pintle and three one inch ball lock pins (Figure 4.2-9). A ball lock pin
isinserted into each of thelid lifting lugs to attach the lift fixture to the 10-160B lid. When the 10-160B
isinthe CUR, thelid lifting fixture pintle is engaged by afacility grapple connected to the Hot Cell
crane, then thelid islifted into the Hot Cell. The 10-160B lid lift fixture is attached to the cask lid by
using either the 140/25 ton crane or the cask preparation station jib crane.

72B Cask Outer Lid Lift Fixture

The outer lid lift fixture is used with the cask preparation station jib crane to remove the outer lid from
the 72B road cask while the road cask isin the vertical position on the 72B road cask transfer car. The
lift fixture is lowered by the jib crane onto the road cask and is attached to the lid.

72B Waste Canisters

The 72B cask waste (payload) canister (Figure 4.2-10) isaDOT Type A (or equivalent) container. Itisa
carbon or stainless steel single-shell container with an outside diameter of 26 in (66 cm), awall thickness
of 0.25in (0.64 cm), and an overal length of 121 in (3.1 m). It has an inside diameter of 25.5in (64.77
cm) with an inside length of 108in (2.74 m). The 0.375in (0.95 cm) dished head with integral WIPP
standard lift pintle is attached to the shell after the container isfilled with waste. The canister is vented
using a suitable filter and can be direct loaded or loaded with three 55-gal (208 L) drums of radioactive
waste, each with avent filter. 1t has a maximum weight, including the canister and its waste content, of
8,000 Ibs (3628.7 kg).

Facility Canisters

The facility canister is acarbon steel single-shell container weighing approximately 1200 to 1800 Ibs
(544.3 t0 816.5 kQ), it has an outside diameter of 28.5in (72.4 cm), awall thickness of 0.25 in (0.64 cm),
and an overall length of 117.5in (3.0 m). It has an inside diameter of 28 in (71 cm) with an inside length
of 110.5in (2.8 m). The dished head with integral WIPP standard lift pintle is attached to the shell after
the container is filled with waste drums from a 10-160B cask. The canister can hold three 55-gal (208 L)
drums of radioactive waste. Each drum is vented with afilter and can have a maximum weight of 1000
Ib (453.6 kg).

4.2-5 January 28, 2003



WIPP RH PSAR DOE/WIPP-03-3174 CHAPTER 4

10-160B 55-Gallon Drum Lift Device

A drum lift device (Figure 4.2-11) isinstalled on each 55-gallon drum of radioactive waste prior to the
drum being placed on the drum pallet/carriage and loaded into a 10-160-B road cask. The drum lift
deviceis similar in construction to the drum lid bolt ring and isinstalled on the drum just below the first
chine below the lid. Thelift device hastwo diametrically opposed wire cable loops that are used to lift
the drum from the carriage. When the wire cable loops are engaged by alifting fixture, the symmetrical
construction and placement of the drum lift device allows the drum to be suspended, moved, and inserted
into the facility canister.

Transfer Complex Description

The transfer complex consists of a series of rooms with concrete walls up to 54 inches (137 cm) thick,
that provides shielding for the RH TRU waste canisters and drums when they are not in aroad cask,
shielded insert, or the facility cask. The complex islocated in the north side of the RH bay of the WHB
(Figure 4.2-12), and consists of the CUR, the Hot Cell, the Transfer Cell, and the Facility Cask Loading
Room.

The CUR floor is at reference elevation 100’-0" and at the east end of the complex. The Hot Cell floor is
31t (9.4 m) wide, 57 ft (17.3 m) long, and located at elevation 123'-6". The ceiling of the Hot Cell is at
elevation 156'-10". To the west of the Hot Cell between elevations 100'-0" and 124’ -6" isthe Facility
Cask Loading Room. Above this room is the manipulator repair room and aboveit isthe crane
maintenance room. The Transfer Cell which is 10 ft (3 m) wide and 79 ft 5in (24.2 m) long has a floor
elevation of 76'-0".

Cask Unloading Room

The CUR has 54 in (137 cm) thick concrete wallsto provide a shielded area for lowering loaded 72B
casksinto the Transfer Cell and unloading of RH waste drums from the 10-160B cask into the Hot Cell.
A 140-ton concrete-filled steel shield door at the entrance to the CUR provides radiation protection for
personnel outside the room during 10-160B cask unloading operations. A free-standing control panel for
the CUR 25-ton craneislocated in the southwest corner of the room. The CUR shield door is
interlocked so that it must be closed before the Hot Cell shield plugs can be removed, conversely the Hot
Cell shield plugs are interlocked so that they cannot be removed when the CUR shield door is open.

The CUR shield door is 18.2 ft (5.7 m) long by 22.0 ft (6.7 m) high by 4.0 ft (1.2 m) thick. The shield
door is opened and closed, at arate of approximately 15 ft (4.67 m) per minute, by a pneumatic
cylinder/piston and when moving is supported by a cushion of air exhausting from the door bottom, the
air cushion isreferred to asan "air bearing”. When closed, an inflatable seal is pressurized forming a
partial seal between the inside of the door and the surface around the CUR door opening. When the door
is closed, the exhaust air supply is removed, the loss of the air cushion causes the door to settle to the
floor.
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The CUR contains the following equipment.
25-Ton Crane/Cask Lifting Yoke

The CUR 25-ton craneisfitted with a dedicated lifting yoke used to lift the 72B cask from the 72B road
cask transfer car, lower it through the CUR floor shield valve, and set it in the shuttle car inside the
Transfer Cell. The bridgerails of the Design Class I11A overhead 25-ton bridge crane are attached to the
walls of the CUR. The crane is designed to stay on itsrailsretaining control of itsload during a DBE.
The lifting yoke lifts the road cask by engaging the road cask handling trunnions. The 25-ton crane has a
lifting height of 28 ft (8.5 m).

Load cells are provided on each hoist cable to provide indication of cable overload and/or load
imbalance. In addition to protecting the crane and cask lifting yoke from damage, the load cells are used
to prevent inadvertent decoupling of the lifting yoke from the cask lifting trunnions.

Floor Mounted Shield Valve

The floor mounted shield valve has a valve body that is a carbon steel plate 6.5 in (16.5 cm) thick,

68 in (172.7 cm) wide and 67.5in (171.5 cm) long (Figure 4.2-13). It is supported on four rollers which
ride on two floor-mounted flat tracks. Four guide rollers mounted in the bottom of the shield keep the
shield inline. The shield is positioned by a Design Class || motor-driven ball screw actuator mounted
such that the shield valve body rolls under the actuator as it moves from the closed to open position
(normally maintained in closed position). The motor actuator includes a brake and limit switch for valve
position indication and control interlocks. The shield valve body weighs approximately 8,500 Ib
(3855.5 kg). Thefloor valve provides permanent shielding and separates the CUR and the Transfer Cell
for differential pressure control. When lowering a 72B cask into the Transfer Cell, air pressure in the
CUR is maintained higher than in the Transfer Cell. The floor shield valveisinterlocked to other RH
waste handling system components as follows:

e Thefloor shield valve can not be closed unless the CUR 25-ton crane hook isin the high limit
position

e Thefloor shield valve cannot be opened when the Hot Cell shield plugs have been removed, nor
can the Hot Cell shield plugs be removed while the floor valve is open.

e Thefloor shield valve can not be opened unless the Hot Cell shield valve and the Transfer Cell
ceiling shield valve are closed.

Hot Cell Complex

The Hot Cell isa54 in ( 137 cm) thick concrete walled room that provides a shielded location for the
facilities and equipment necessary to unload the RH waste drums from their 10-160B drum carriage
units; provides temporary storage for unloaded drums, provides for inspections of the physical integrity
of the drums, provides for the performance of aradiological contamination survey and identification
verification of each drum, provides for loading drums into facility canisters, and provides overpack
facilitiesfor 72B waste canisters. Details of the Hot Cell area are shown in Figures 4.2-14a, 4.2-14b, and
4.2-14c. A Design ClassII1A bridge mounted power manipulator operatesin the Hot Cell with rails at
elevation 141'-0". The Hot Cell Design Class I11A 15-ton bridge crane operates above the power
manipulator, with itsrails at elevation 148 -0". The operating galery (elevation 122" 1") provides space
for operating personnel to monitor and control all operationsin the Hot Cell. Six Design Classl|
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shielded viewing windows between the operating gallery and the Hot Cell allow nearly 100% visual
observations of al operations within the Hot Cell. A Design Class || transfer drawer is provided at the
radiological inspection station for collecting surface contamination assessment swipes and the transfer of
the swipes from the Hot Cell to the glove box in the operating gallery.

Access to the Hot Cell from the CUR is through two shield plugsin the Hot Cell floor. Thelarge plugis
8 ft 8in (2.64 m) in diameter and contains a smaller concentric 2 ft 8.25 in (0.82 m) diameter plug. Both
plugs must be in place before aroad cask can enter or exit from the CUR. When installed, the plugs
provide shielding corresponding to the level of radiation protection required by the CUR. Aninterlock is
provided between the CUR shield door and the Hot Cell crane, and requires that the shield door be closed
in order to remove the shield plugs and lower the crane into the CUR. When the shield door is closed,
the CUR functions as an air lock between the Hot Cell and the RH Bay. The Hot Cell is maintained at
the lowest negative pressure and air leakage is from the RH bay through the CUR into the Hot Cell. The
Hot Cell has provisions for maintenance of installed equipment. Accessto the Hot Cell is permitted only
when RH waste containers are not present. The following equipment isinstalled or used in the Hot Cell:

Hot Cell 15-Ton Crane

The remotely operated Design Class I11A overhead 15-ton bridge crane has a 32 ft (9.75 m) span and can
travel about 96 ft (29.2 m) in an east-west direction. It carries atrolley which can move approximately
23ft 10in (7.26 m) in the north-south direction. The trolley carries a hoist which supports a Design
Class|11A grapple rotating block and facility grapple. A hook can be attached to the grapple to handle
loads including loaded or empty 10-160B drum pallet/carriage units, and 55-gal drums of RH waste. The
hoist has a lifting height of 64 ft (19.5 m). This crane is designed to stay on its tracks, and to maintain
control of itsload in the event of a DBE or electrical failure.

The Design Class I11A grapple rotating block is an assembly in afabricated steel housing consisting of
four sheaves at the top and a gear drive connected to clevis at the bottom. The grapple rotating block is
suspended from the Hot Cell 15-ton bridge crane by cables passing through the sheaves. The gear drive
has a motor driven pinion that rotates the clevis yoke which normally supports afacility grapple.

The Design Class I 11A facility grapple (Figure 4.2-22) is a special lift fixture that is designed to engage a
standard WIPP pintle. Thefacility grapple has an axially mounted electrically operated actuator that
rotates adrive gear that drives three lifting lugs into or out of engagement under the WIPP pintle. In the
event of a power failure when the facility grapple was engaged on alifting pintle, the lifting lugs would
automatically lock in place. The Hot Cell facility grappleisidentical to the facility grapple described in
the Facility Cask Loading Room equipment.

A crane hook, rated at 15-tons, is available for use with the facility grapple. The hook is attached to a
handling pintle with aflange.

The mobile bridge crane operator control console islocated in operating gallery. Its mobility allows the
operator to select the optimum Hot Cell viewing window location to visually observe the crane operation,
or the operator may elect to view a CCTV monitor while operating the crane. The bridge crane can be
remotely positioned or manually winched into the Crane Maintenance Room for any necessary repairs.
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Shield Plug Lift Fixtures

There are two shield plug lift fixtures, one for each size of shield plug. Both fixtures can be used with
the 15-ton bridge crane to remove their respective Hot Cell shield plug, or both shield plugs can be
removed at the same time using only the large shield plug lift fixture. The small shield plug lift fixture,
shown in Figure 4.2-14c, resembles atripod. 1tis9 ft (2.7 m) tall with ahandling pintle at the top which
isengaged by afacility grapple. Thelegs are fabricated from 3 in schedule 40 pipe. Each leg hasan
engagement pin which can engage lifting lugs, on a 13 in (33 cm) radius, on the small shield plug
removal adapter. A centering pin is provided near the bottom of the shield plug lift fixture to engage the
shield plug removal adapter and align the fixture with the removal adapter. The fixtureislifted by the
15-ton bridge crane with the facility grappleinstalled. The fixtureisrotated by the rotating block to
alow it to engage the shield plug removal adaptor lifting lugs. The small shield plug lift fixture weighs
approximately 400 Ibs (181.4 kg) and has the capacity to lift approximately 10,000 Ibs (4535.9 kg).

The shield plug removal adapter is afabricated steel fixture that is attached to the small shield plug with
three bolts through holesin its base plate. It has three arms, each with alifting lug that can be engaged
by the small shield plug lift fixture. The center line of thelifting lugs are each on a13in (33 cm) radius.
The adapter has aheight of 12 3/8in (31.4 cm) and weighs approximately 160 |bs (72.5 kg).

The large shield plug lift fixture, similar in design to the small shield plug lift fixture, is 11 ft (3.4 m) tall
and its engagement pins have a39 in (99 cm) radius. It isfabricated from 3 inch schedule 80 pipe to
accommodate a greater lift weight. Its three engagement pins are designed to engage the three lifting lugs
of the large shield plug removal adaptor. The large shield plug lift fixture weighs approximately 800 Ibs
(362.8 kg) and has allift capacity of 20,000 Ibs (9071.8 kg).

10-160B Drum Carriage Lift Fixture

The drum carriage lift fixture is a pentapod with five legs and a centering guide post with a guide pin.
Each leg has an engagement pin which engages alift lug, mounted on alifting post, on the drum carriage.
The guide pin didesinto the center of the drum carriage center stanchion. Figure 4.2-15a shows the
drum carriage lift fixture and afully loaded (five 55-gallon drums) drum carriage. A bottom view of the
lift fixture is aso shown in Figure 4.2-15a. Figure 4.2-15b shows the lift fixture engaging the upper
drum carriage and the lower drum carriage. A view of aloaded drum carriage is provided in Figure 4.2-
15b. The drum carriage lift fixture has alift capacity of approximately 6500 |bs (2948.4 kg).

Viewing Windows

Six Design Class |1 viewing windows are provided between the operating gallery and Hot Cell. Four
viewing windows are located in the north wall and two in the west wall. The window frames are cast in
the concrete wall separating the Hot Cell from the operating gallery. The frames are designed so that any
radiation streaming paths parallel to the optical axis are prevented. The oil shielding windows are
comprised of the frame, shielding glass, cover glasses and trim frames. The cover glasses and gaskets
retain the oil within the window housing. The cold side (operating gallery) is tempered glass while the
hot side (Hot Cell) is non-browning glass. The oil fill provides radiation shielding and acts as a heat
transfer medium. An oil expansion tank is provided as a means of keeping the window full of oil despite
the temperature excursions caused primarily by exposure to radiation and the high intensity lighting
within the Hot Cell.
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M aster/Slave M anipulator s

There are four Design Class |11 A master-slave heavy duty manipulators in the Hot Cell that allow
operators in the operating gallery to reproduce the natural movements and forces of the human hand. The
operator must exert the same force on the master arm that he wishes to exert with the slave arm; however,
the tong squeeze motion does have a mechanical force multiplication. The manipulators are mounted in
the wall of the Hot Cell using a "thru tube".

PAR 6000 Bridge M ounted Power Manipulator

The Design Class [1IA PAR 6000 power manipulator is a crane mounted remote controlled arm with
shoulder, elbow, and wrist pivots which can be independently driven (Figure 4.2-14c). Thewrist can
support various adaptor tools including a hook hand and parallel jaw hand. The manipulator is
suspended from arotation drive assembly which permits full rotation of the manipulator about its vertical
axis. The manipulator is attached to the rotation drive by two locking pins which allow for remote
removal of the manipulator from the rotation drive assembly.

Therotation drive is attached to the bottom of a tel escoping tube which provides manipulator vertical
motion. There are five square nested telescoping sections connected in such away that movement of any
one tube causes all tubesto move. The telescoping tubes have an up-down travel of approximately 15 ft
(4.6 m) at a speed of 15 ft (4.6 m) per minute and have alifting capacity of 5000 Ibs (2668 kg). The
telescoping tube assembly is supported by the trolley carriage which travels on a bridge assembly. The
bridge can travel east-west for approximately 50 ft (15.2 m) at a speed of up to 22 ft (6.7 m) per minute,
while the trolley can travel north-south for approximately 25 ft (7.6 m) at a speed of up to 15 ft (4.6 m)
per minute.

The control panels for the PAR 6000 power manipulator includes the controls for bridge, trolley,
hoisting, and manipulator operation. The control equipment islocated in panels along the north wall of
the operating gallery. The operator controls and indicators are mounted on the PAR 6000 manipul ator
console. The consoleis mounted on wheels and can be moved near the viewing window that provides
the best viewing of the operation to be performed. The console includes cables that can be plugged into
any one of three connection boxes mounted in the operating gallery.

Closed-Circuit Television System

There are several closed-circuit television (CCTV) high resolution camerasin the Hot Cell which can be
monitored in the operating gallery. CCTV cameras are used to provide direct viewing of specific
operations. Each camera system includes a camera head which is mounted inside the Hot Cell, a control
unit which is located in the operating gallery, and connecting cable. The video output is directed to
monitors which are located for operator convenience. Each cameraisfitted with azoom lens and hasits
own control unit, which is rack mounted in the operating gallery. The cameras are supported on a pan/tilt
unit to provide full motion.
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Shielded Transfer Drawer

A Design Class |1 shielded transfer drawer is used to transfer materials (radiological smear samples and
small tools) from the hot cell to a glove box in the operating gallery (Figure 4.2-16). A motor driven
shield plug blocks the 20 in (50.8 cm) opening in the shield wall of the hot cell. The shield plug travels
46 in (1.2 m) perpendicular to the opening.

The glove box in the operating gallery side of the shield wall has a viewing window, two glove ports, and
atransfer port. A motor driven shield plug in the floor of the glove box blocks off the hot cell transfer
port in the same manner asis doneinside the hot cell. The glove box shield plug has atravel of 38 in
(96.5 cm). Thetransfer drawer shield plugs are interlocked so that only one can bein the open position
a any time. Thetransfer drawer and glove box are vented into the RH exhaust air duct.

The transfer drawer is aflat tray, roller-mounted on the drawer carriage that rolls on rails on the bottom
of the opening of the hot cell shield wall. When the hot cell shield plug is closed and the glove box
shield plug is retracted, the operator can pull the sample tray into the glove box.

Hot Cell Shield Valve

The Hot Cell shield valve with its Design Class I actuator isidentical to the CUR floor mounted shield
valve (Figure 4.2.13). This shield valve provides permanent shielding and separates the Hot Cell and the
Transfer Cell. When moving waste canisters between the Hot Cell and the Transfer Cell, ventilation air
flow isfrom the Transfer Cell into the Hot Cell. The Hot Cell shield valveisinterlocked to other RH
waste handling system components as follows:

e Hot Cell shield valve can not be opened unless the CUR floor shield valve and the Transfer Cell
ceiling shield valve are closed.

e Hot Céll shield valve cannot be closed unless the Hot Cell crane grappleisin the high limit
position

e Hot Cell shield valve and the CUR floor shield valve must be closed before the Transfer Cell
ceiling shield valve can be opened.

e Hot Cell shield valve and the Transfer Cell ceiling shield valve must be closed before the CUR
floor shield valve can be opened.

e Hot Cell shield valve can not be opened unless the Transfer Cell shuttle car is positioned below
the Hot Cell shield valve port.

Transfer Cdll

The Transfer Cell, located benesth the CUR and the Facility Cask Loading Room, contains the Design
Class I11A shuttle car used to move either the 72B cask or the shielded insert(used with the facility
canister). The Transfer Cell also contains the 72B inner lid bolts detensioning robot, a radiol ogical
contamination swipe robot, CCTV cameras, the ceiling mounted shield valve with aDesign Class |
actuator, and transport system for radiological survey samples (swipes).
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Transfer Cell Shuttle Car

The Design Class I 1A rail-mounted, chain-driven shuttle car (Figure 4.2-17) is designed to transfer either
one 72B cask from below the CUR floor shield valve to below the Transfer Cell ceiling shield valve or
one facility canister in a shielded insert from below the Hot Cell shield valve to below the Transfer Cell
ceiling shield valve. The shuttle car is a steel frame structure about 20 ft (6 m) long. 6 ft (1.8 m) wide,
with a 10 ft (3 m) deep pocket for holding either the 72B cask or the shielded insert.

Thetransfer cell shuttle car chain drive system, located at the west end of the Transfer Cell, moves the
shuttle car at a speed of 10 to 31 ft (3 to 9.4 m) per minute. The chain drive system, with redundant steel
roller chains (1 in wide links with a3 in pitch), one steel roller chain can move the car, has double-chain
sprockets driven by a solid shaft which penetrates the Transfer Cell wall so that the gear reducer and
electric motor are located outside the Transfer Cell. The gear reducer and drive motor are connected by a
triple V-belt.

Shielded I nsert

The Design Class |11 A shielded insert is specifically designed to be used in the Transfer Cell to transport
one loaded facility canister from below the Hot Cell shield valve to below the Transfer Cell ceiling shield
valve. The shielded insert is designed similar to the 72-B road cask but has alarger inner diameter to
accommodate the wider facility canister. The shielded insert will be installed on the shuttle car when
loaded facility canisters, in the Hot Cell, are ready for underground implacement.

Transfer Cell Ceiling Shield Valve

The ceiling mounted shield valve is located under the port connecting the Transfer Cell to the Facility
Cask Loading Room. The shield valveisa 12 in (30.5 cm) deep steel frame which supportsa42in
(106.7 cm) square shield plate that is 11 in (27.9 cm) thick. The 8 ft (2.4 m) long frame is bolted to the
Transfer Cell ceiling (Figure 4.2-13). The Design Class |1 e ectric motor-driven-screw actuator is
attached to the shield plate with aclevis pin. Valve travel from full-closed to full-open position is42 in
(106.7 cm) at a speed of 3in (7.6 cm) per second. The shield valve is normally maintained in the closed
position, except during facility cask loading activities. The valve motor is equipped with torque switches
that will automatically shut off power if the valvetried to close against a hanging waste canister. The
shield valve provides permanent shielding and separates the Transfer Cell and Facility Cask Loading
Room for differential air pressure control. Air pressure in the Facility Cask Loading Room is maintained
higher than that in the Transfer Cell. The Transfer Cell shield valveisinterlocked to other RH waste
handling system components as follows:

e Transfer Cell shield valve cannot be opened unless the CUR floor and Hot Cell shield valves are
closed. This minimizes the potential for ventilation air imbalance that could occur if the three
shield valves were open at the same time.

e Transfer Cell ceiling and Hot Cell shield valves are interlocked with the shuttle car drive so that
the shuttle car cannot be moved if both shield valves are not closed. Thisinterlock prevents
damage to the canister from shuttle car movement during canister transfer.
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Facility Cask L oading Room

The Facility Cask Loading Room has 54 in (137 cm) thick concrete shield walls and contains the
equipment needed to load RH waste canisters into the facility cask and for the subsequent transfer of the
loaded facility cask to the waste hoist conveyance. An operating console located behind a shadow shield
in the north portion of the room is used to control the Facility Cask L oading Room operational activities.
The Facility Cask Loading Room functions as an air lock between the waste shaft and the Transfer Cell
and RH bay.

Facility Cask

The Design Class |1 facility cask (Figure 4.2-18) is a double end loading shielded container, weighing
approximately 67,000 Ibs (30,391 kg). The facility cask consists of two concentric steel cylinders with
the annulus between them filled with lead. Theinternal cylinder hasa 30 in (76 cm) diameter and a 0.50
in (1.27 cm) wall thickness. The outer cylinder has an external diameter of 41.75 in (106 cm) with awall
thickness of 0.625 in (1.59 cm). Thelead annulusis4.75in (12.1 cm) thick. The facility cask has two
support trunnions located approximately mid length at 180° from each other. The trunnions are the
support points of the facility cask transfer car. The facility cask has aDesign Class || powered gate-type
shield valve at each end for loading and unloading RH waste canisters. Both shield valves are
electrically operated with manual overrides and have air operated, spring loaded pins that lock the valve
gates closed during transit. The motor operated mechanism opens and closes the shield valves at a
nominal rate of 4 ft (1.2 m) per minute. The shield valves are designed to support the weight of afully
loaded RH waste canister when they are closed. Although the facility cask has two sets of forklift
pockets, the lower set is used for transport and lifting from the transfer car and placing it on the
emplacement equipment. In either activity, the robustness of the facility cask servesto prevent any
breach of the waste canister.

Facility Cask Transfer Car

The facility cask transfer car (Figure 4.2-19), is a self propelled railcar weighing 7900 Ibs (3583 kg) and
is powered by a variable speed electric motor which drives the front wheels at speeds up to 30 ft (9.1 m)
per minute. The facility cask transfer car has two A-frame structures, each with atrunnion saddle to
support the facility cask weight and transports the facility cask in the stable horizontal position. It aso
allows rotating the facility cask on its trunnions to the vertical position by the facility cask rotating
device working jointly with the facility cask front pivot pins.

The Facility cask transfer car is designed to perform the following functions:

e Serveasthe platform for the facility cask in the Facility Cask Loading Room.
e Trangport the facility cask from the Facility Cask L oading Room to the waste shaft conveyance.

e Serveasthe platform for the facility cask while the facility cask is transported underground by the
waste shaft conveyance.

e Transport the facility cask from the waste hoist conveyance to an underground area accessible by
the 41-ton forklift.
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Facility Cask Rotating Device

The Design Class I 11A facility cask rotating device is afloor mounted hydraulically operated structure
designed to rotate the facility cask from the horizontal position to the vertical position for waste canister
loading and then back to the horizontal position after the waste canister has been loaded into the facility
cask (Figure 4.2-20). Hydraulic rams are attached to the center of the connecting beams of two rotating
arms. One end of each rotating arm is attached to a pivot point on the floor mounted structure. The other
end of each rotating arm latches to a pivot pin on the facility cask top shield valve enclosure. The
hydraulic rams extend to raise the facility cask to the vertical position and retract to lower the facility
cask to the horizontal position.

6.25 Ton Grapple Hoist

The Design Class 1A grapple hoist is mounted to the ceiling of the Facility Cask Loading Room. The
hoist is gear driven by atwo speed induction motor for operation at 8 and 24 ft (2.4 and 7.3 m) per
minute. A torque monitoring control system is provided to indicate output torque of the motor and to
furnish asignal to shut the hoist down if the load is excessive. In the event of a power failure, the
grapple hoist brakes are automatically set. Figure 4.2-21 shows the 6.25-ton grapple hoist, the shield
bell, and the stationary alignment sheave.

Stationary Alignment Sheave

The stationary alignment sheave (single cable pulley) is anchored to the Facility Cask Loading Room
ceiling above the cask loading station. The stationary alignment sheave is used to convert the horizontal
travel of the hoist cableto vertical travel of the facility grapple. The cable passes over the pulley and
down to the block in the top of the shield bell. The cable then extends back to the ceiling whereitis
attached to the ceiling anchored tension load cell assembly. This arrangement provides a accurately
positioned vertical lift for the facility grapple even though there is alateral shift of the cable on the hoist
drum. A limit switch, also part of the stationary alignment sheave, is mounted on a bracket attached to
the pulley housing is used to sense the upper travel limit of the shield bell.

Facility Grapple

The Design Class I 11A facility grapple (Figure 4.2-22) is a special lift fixture that is designed to engage a
standard WIPP pintle. Thefacility grapple has an axially mounted electrically operated actuator that
rotates adrive gear that drives three lifting lugs into or out of engagement under the WIPP pintle. In the
event of a power failure when the facility grapple was engaged on alifting pintle, the lifting lugs would
automatically lock in place.

Telescoping Port Shield

The Design Class |1 telescoping port shield (Figure 4.2-23) is mounted in the floor of the Facility Cask

L oading Room, centered directly over the Transfer Cell ceiling shield valve opening. An electrical motor
driven jacking system is used to raise the telescoping port shield to mate with the facility cask lower
shield valve during RH waste canister transfer. The telescoping port shield hasa 36 in (91.4 cm) inside
diameter for the RH waste canister to pass through.
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Shield Bell and Block

The Design Class |1 shield bell (Figure 4.2-24) is aheavy walled stedl casting that is used to provide
shielding from the waste canister when the facility cask top shield valveis open. The shield bell has
internal cavities to house the facility grapple and the grapple support block. The grapple cavity is 18.25
in (46.4 cm) in diameter. The grapple support block cavity isamodified tee-shaped, nominally 6 in
(15.2 cm) wide, to house the single pulley block and provide a path for the grapple electrical cable to
pass through to the grapple. There are three penetrations with bronze bushings through the top of the
shield bell, two for the wire rope that moves the facility grapple and one for the electrical cable that
controls the opening and closing of the facility grapple. When not in use, the shield bell rests on the top
of the facility grapple support block which is suspended from the grapple hoist. The shield bell is
supported by the facility cask when the facility grappleisin use.

Underground RH Waste Handling Equipment

The underground handling and emplacement equipment consists of diesel-powered forklifts and the
horizontal emplacement and retrieval equipment (HERE). Since the RH waste handling equipment is the
largest equipment transporting waste in the waste disposal areg, its sizeis used to define the minimum
operating sized opening of 11 ft (3.35 m) vertical and 14 ft (4.3 m) horizontal for waste handling
transport.

Horizontal Emplacement and Retrieval Equipment (HERE)

The Design Class I11A HERE is used in the Underground to transfer a RH TRU waste canister from the
facility cask into a horizontal disposal borehole. The HERE includes the following equipment:

Waste Transfer Equipment Borehole Related Components
e Alignment fixture e Portable power cable e Shield plug
e Shield collar e Control console e  Shield plug carriage
e Leveling platform e Transfer carriage e  Strongback

e Staging platform ¢ Transport equipment
e Facility cask

Alignment Fixture

The alignment fixture (Figure 4.2-25) provides a reference plane for aligning the waste transfer machine
with respect to the borehole to allow waste canister and shield plug installation. It isawelded carbon
steel structure consisting of a base plate with three hydraulic jacks and a vertical face plate with holes for
attaching and bolting the shield collar. 1t has two forklift pockets to facilitate its moving. The horizontal
base of the fixture serves to support the front end of the waste transfer machine. It has two alignment
pins located to ensure that the waste transfer machine and shield collar line-up.
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The three hydraulic jacks are used to align the alignment fixture with the bore hole. The hydraulic
system is powered by a hydraulic pump with a custom built 20 gal ( 75.7 L) hydraulic tank located on the
Alignment Fixture Assembly. Each of the jacks have a maximum stroke of 10 in (25.4 cm). The
alignment fixture has three tilt sensors and three proximity switches. The tilt sensors provide tilt
information to permit the operator to level the alignment fixture. The proximity switches sense the gap
between the shield collar and the facility cask.

The alignment fixture has four hydraulic locking clamps rated at 3600 psi ( 253.1 kg/cm?), to lock the
shield collar to the facility cask. The alignment fixture also has a passive fire suppression system with
four discharge nozzles aimed at the hydraulic power unit and the leveling jacks.

Shield Collar

The shield collar (Figure 4.2-25) is a carbon steel device used when emplacing a waste canister and
shield plug into a borehole. It is attached to the alignment fixture and inserted into the counterbore in the
borehole to limit the dose rate during emplacement operations.

The shield collar is 29 in (73.6 cm) long, has an outside diameter of 44 in (111.8 cm) and hasa7in (17.8
cm) wall thickness. A oneinch (2.54 cm) thick, 62 in (157.5 cm) diameter mounting ring is welded to
the outside of the collar. The mounting ring has twelve holes which are used to bolt the shield collar to
the alignment fixture. The shield collar weighs approximately 6,800 |b (3084.4 kg).

Leveling Platform

The leveling platform is a steel frame 300 in (762 cm) long, 113 in (287 cm) wide, and 24 in (61 cm)
high on which the components to operate and interface with the alignment fixture and staging platform
arelocated (Figure 4.2-25). The front end of the leveling platform has two holes that sit on the alignment
fixture alignment pins. A motor driven hydraulic pump operates a hydraulic jack, which islocated at the
rear of the leveling platform. Thejack isused to aign the waste transfer machine (leveling platform,
staging platform, and transfer carriage) axis with the alignment fixture.

Three sets of rails are mounted on each side of the leveling platform. The rails provide a mounting
surface for the staging platform. The staging platform positions the front face of the facility cask against
the shield collar at a speed of 6.7 in (17 cm) per minute.

Staging Platform

The staging platform is a steel frame 288.5 in (732.8 cm) long that rests on roller bearings which engage
and ride on the rails of the leveling platform. The staging platform supports the facility cask and transfer
carriage, and has a hydraulic ram providing linear motion to the transfer carriage. The transfer carriage
rides on two 123.5 in (313.7 cm) long rails bolted to the top of both sides of staging platform. The
staging platform requires a regulated compressed air supply to operate the facility cask lock pins. Figure
4.2-25 shows the staging platform.

The following control devices are mounted on the staging platform: A tilt sensor used to monitor the
longitudinal tilt of the waste transfer machine for alignment with the alignment fixture. Two position
detection limit switches (interlocks) which are activated when the shield plug carriage is seated on the
staging platform rails.
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Transfer Carriage

Thetransfer carriage (Figure 2.4-25) isalarge steel shield cylinder with its own hydraulic system that is
used to push either the waste canister from the facility cask into the borehole or the shield plug from the
shield plug carriage into the borehole.

Therear end of the transfer carriage houses the transfer mechanism and includes heavy wall shielding to
prevent exceeding radiation dose rate limits when the facility cask top shield valve is opened. The
transfer carriage housing isa steel cylinder 91.25 in (231.8 cm) long, 30 in (76.2 cm) inside diameter.
The hydraulic drive system components which operate the transfer mechanism are mounted in or on the
transfer carriage housing. The transfer mechanism and grapple are used to emplace the waste canister
and shield plug into the borehole.

The transfer carriage has roller bearings which ride on the rails on the staging platform. The transfer
carriage drive system, which positions the front of the housing against the facility cask during waste
canister emplacement, is mounted on the staging platform. During shield plug emplacement, the transfer
carriage is retracted to provide room for installing the shield plug carriage on the staging platform.

Its transfer mechanism consists of a double acting five stage, telescopic, hydraulic cylinder attached at
the plunger end of the transfer carriage housing end plate. The front end of the cylinder is supported by
two rollers attached to a2.75 in (7.0 cm) thick steel plate which provides shielding and supports the
grapple. The hydraulic cylinder has a 10,000 Ibs min. load capacity, a 24 ft (7.3 m) stroke, and a
retracted length of 70in (178 cm). If a power failure occurs, manual means are provided to retract the
transfer mechanism from a partial or fully extended position and to release the grapple.

Thetransfer carriage is equipped with four locking clampsto clamp the carriage to both the facility cask
and shield plug carriage.

The following position sensors are mounted on the transfer carriage:

Two spring-loaded reel type mechanisms attached to multi-turn rotary potentiometers monitor the travel
distance of the transfer carriage.

Three proximity metal detecting switches that activate and indicate when the transfer carriage to facility
cask gap islessthan 0.125 in (0.318 cm).

Two grapple mounted proximity detection switches to detect when the grapple comes in contact with the
pintle of the waste canister or shield plug.

Shield Plug Carriage

The shield plug carriage (Figure 4.2-26) isa 74 in (188 cm) long, 0.5 in (1.27 cm) thick saddle which
holds the shield plug in a horizontal position during emplacement and aligns the bottom of the shield
plug with the bottom of the facility cask cavity. The shield plug carriage is placed on and supported by
therails of the staging platform. The shield plug carriage has two forklift pads to facilitate handling by a
forklift.
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Strongback

The strongback, weighing approximately 300 Ibs (136 kg), isa 10 in (25.4 cm) I-beam, 72 in (189 cm)
long forklift fixture with two forklift openingsin the web of the beam (Figure 4.2-27) . The strongback
isused to lift and handle a shield plug. Swivel hooks and shackles are bolted to each end of the
strongback to allow the use of fabric slings to hold the shield plug.

Control Console

The control console for the HERE provides all the controls and information displays necessary to operate
the waste transfer equipment. The console is connected by 25 ft (7.62 cm) long plug-in disconnect cables
and is mounted on a moveable platform truck to facilitate relocation. The length of the cables allow
locating the console a sufficient distance from the HERE to ensure radiation doses to the console operator
arekept ALARA.

Portable Power Cable

The portable power cable is used to electrically connect the HERE to a 480 volt, 3 phase, 60 Hz power
source.

Transport Equipment

The transport equipment consists of wheel assemblies that convert the leveling platform to atrailer like
configuration used to move the waste transfer machine assembly from one location to another. The
assembly can be towed by aforklift or tractor.

Shield Plugs

Shield plugs are 29 inches in diameter and approximately 70 inches long, including the pintle. The pintle
is a standardized configuration, used for handling and for interfacing with the HERE.

The majority of the shielding material in ashield plug is at the end closest to the emplaced canister (away
from the open end of the borehole). There are two different types of shield plugs. One uses concrete for
shielding and has a High-Density Polyethylene (HDPE) jacket. The other uses cast iron for shielding and
has a steel jacket.

Concrete shield plugs have concrete shielding material at both ends. The end closest to the canister has
approximately 20 inches of concrete, while the pintle end has about 12 inches. Both sections of concrete
are cast in the HDPE jacket around alength of pipe that goes through the center of the shield plug. Plates
are attached to the pipe to secure the two sections of concrete. Concrete shield plugs weigh
approximately 2,000 pounds.

Metal shield plugs have aminimum of 5-1/8 inch thick cast iron shielding at the end closest to the
canister. A pipe attached to the cast iron shielding extends through the center of the shield plug. Itis
also attached to the steel jacket. Metal shield plugs weigh about 1,500 pounds.

Shield plugs are transported by aforklift using the strongback and slings. Figure 4.2-28 shows the waste
canister and shield plug inside the storage borehole.
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41-Ton Forklift

The 41-ton diesel powered forklift has alift capacity of 82,000 Ib (37,194.6 kg) and a maximum lift
height of 99 in (251.5 cm). Theforklift is provided with atwo range (high or low) travel selector, but
does not have a speed indicator. It isused in the Underground to lift the facility cask from the facility
cask transfer car and transport it at a speed of approximately 3to 4 mi (4.8 to 6.4 km) per hour to the
active RH waste emplacement room and to place it on the waste transfer machine assembly. Itisalso
used to transport the waste transfer machine assembly. Figure 4.2-29 shows the 41-ton forklift placing
the facility cask on the waste transfer machine assembly.

20-Ton Forklift

The 20-ton diesel powered forklift has alift capacity of 40,000 Ib (18,143.7 kg) and a maximum lift
height of 84 in (213.3 cm). It isused in the Underground to lift and handle the waste transfer machine
assembly and the alignment fixture assembly (alignment fixture and shield collar).

6-Ton Forklift

The 6-ton diesel powered forklift has alift capacity of 12,000 Ib (5,443.1 kg) and a maximum lift height
of 72in (182.9 cm). Itisused inthe Underground to lift and handle the shield plug carriage and the
shield plug using the strongback.

4.2.1.1.2 Building 412

Building 412 is Design Class I11A; however, the structural portions of the building are Design Class 11
because of its interface with the WHB. Building 412 provides space and equipment for minor scheduled
and unschedul ed maintenance activities and includes a 25-ton overhead crane.

4.2.1.1.3 WHB Support Areas

WHB support areas, common to both the CH TRU and RH TRU areas of the WHB, include the waste
hoist support areas and the main mechanical equipment room containing the HV AC equipment.

Air locks are located on both the CH TRU and RH TRU sides of the waste hoist, including the
conveyance loading room on the CH TRU side of the waste hoist and the Facility Cask Loading Room
on the RH TRU side of the waste hoist. Access doors to the waste hoist are interlocked to control air
flow; which is towards the waste hoist from the CH TRU loading room or from the RH TRU Facility
Cask Loading Room.

The waste hoist control room provides space and equipment needed for operation of the waste hoist and
controls for operating the waste hoist in either manual or automatic mode.

The main mechanical equipment room of the WHB houses the exhaust fans, HEPA filters, and the
associated ducting that controls ventilation flow within the WHB.
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4.2.1.1.4 Waste Handling Building Effluent Monitoring System

The WHB exhaust system is Design Class |11A, the supply system is Design Class I11B, and the HEPA
filters and isolation dampers are Design Class I1. The WHB ventilation system has a single discharge
point, with most of the air coming from the WHB being processed through a prefilter and two stages of
HEPA filters prior to its release to the environment. Some of the air may go down the waste shaft
(Section 4.4.3.1). Station C islocated downstream of the HEPA filters and provides fixed air sampling
to quantify the total amount, if any, of radioactivity released to the environment.

4.2.1.2 Exhaust Filter Building

The Exhaust Filter Building (EFB), adjacent to the exhaust shaft, contains the HEPA filtration equipment
associated with the underground ventilation system. During normal operations, air is pulled from
underground areas, up the exhaust shaft, and discharged to the environment without the HEPA filtration
unitsin service. Inthe event of an underground radiological event, airflow from the underground is
diverted through the HEPA filtration to remove airborne radioactive particulates from the air stream. The
underground ventilation system is discussed in Section 4.4.3.3, and the EFB layout is shown in Figure
4.2-30.

The EFB structure is classified as Design Class I 11A, the HEPA filters and isolation dampers are Design
Class|l. The mgjor areas within the EFB are the filter room and support area. The filter room houses the
HEPA filtration units. The support area includes two mechanical equipment rooms housing the building
filtration units, the exhaust fans, the supply-air handling units, the motor control centers, and the air lock.

The EFB effluent monitoring system is composed of Station A which obtainsits sample from a point

21 ft (6.4 m) below ground level in the exhaust shaft and Station B which obtains its sample from a point
downstream from the EFB HEPA filtration system. Each station contains fixed air samplers operated by
the WIPP, one each for WIPP, the Carlsbad Environmental Monitoring and Research Center (CEMRC),
and the Environmental Evaluation Group (EEG), quantifying the total amount of radioactivity released to
the environment.

4.2.1.3 Water Pumphouse

The Water Pumphouse, adjacent to the two water storage tanks (Figure 4.1-2a), contains two fire water
pumps (one electric and one diesel), three electric domestic water pumps, and water chlorination
equipment and chemical storage. The Water Pumphouse is an above ground steel frame and siding
building classified as Design Class |11B.

4.2.1.4 Support Building
The Support Building, adjacent to the WHB, houses general support services for activities at the WIPP
facility. The Support Building is constructed of steel framing and sandwich panel siding, and is

classified as Design Class I11A. The main lateral force-resisting members of the Support Building are
designed for DBE and DBT to protect the WHB from their structural failure.
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4.2.1.5 Support Structures

The following support structures are designed to the Uniform Building Code (UBC), and are classified as
Design Class 111B support structures.

Salt Handling Shaft Head Frame and Hoist House

Air Intake Shaft Head Frame and Hoist House

Main Warehouse Building

Guard and Security Building

Main Gatehouse

Safety and Emergency Services Building
Compressor Building

Engineering Building

Training Building

4.2.2 Shaft and Hoist Facilities

4.2.2.1 Shaft and Hoist General Descriptions

The WIPP facility utilizes four shafts:

Waste Shaft
Salt Handling (SH) Shaft
Exhaust Shaft

Air Intake Shaft (AIS)

These shafts are vertical openings extending from the surface to the underground disposal level as shown

on Figure 4.1-2a, which shows the location of the shafts relative to surface features. All shaft
construction and mining operations are in accordance with 30 CFR 57.*

The waste hoist system is designated as a Design Class I11A; and, the SH shaft, the exhaust shaft, and the
AIS hoist system are designated as Design Class 111B. The waste shaft, SH shaft and AlS shaft are
designed to resist the dynamic forces of the hoisting system. Shaft linings are designed based on
expected hydrostatic heads in the Rustler Formation.
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4.2.2.2 Shaft and Hoist General Features

The principal components of each shaft are the shaft collar (extending from above the ground surface to
the top of the bedrock), the shaft lining (extending from the bottom of the collar to the top of the salt
formation at about 850 ft (259 m) below the surface), and the key section that terminates the lining in the
salt formation, with the remainder of each shaft being unlined.

The shaft collars are situated about 400 ft (122 m) above the historic flood plain of the Pecos River and
the collar dlab around the shaft, where used, is at a higher elevation than the surrounding ground.

The waste shaft, the SH shaft, and the AI'S are equipped with conveyances with hoist towers constructed
of structural steel. The conveyances in the waste shaft and AlS are guided by steel cables (guide ropes),
while the SH shaft conveyance is guided by fixed wooden guides equipped with safety dogs. The waste
shaft is equipped with catch sprags in the hoist tower to prevent the conveyance or the counterweight
from falling into the shaft if the conveyance over-traveled against the upper crash beam and the hoist
ropes failed.

The waste hoist and SH hoist have redundant brake systems designed so that either set of brakes can stop
afully-loaded conveyance under al conditions. In the event of a power failure, the brakes will set
automatically. The AlS hoist is also equipped with two sets of brakes.

The control system for each hoist can detect malfunctions or abnormal operations (such as over-travel,
over-speed, power loss, circuitry failure, or starting in awrong location), trigger an alarm for the
abnormal operation, and automatically shut down the hoist.

4.2.2.3 Shaft and Hoist Specific Features

The main purpose of the waste hoist system is for moving radioactive waste from the surface to the
underground. The system can be used to remove radioactive waste from the disposal areaif required. It
is also used to transport personnel, material and equipment. The system supports maintenance in the
waste shaft. The equipment that is part of this system is the waste hoist equipment installed in the
WHB, the headframe, shaft switches, and the conveyance. The hoist systemsin the shafts and all shaft
furnishings are designed to resist the dynamic forces of the hoisting operations (these forces are greater
than the seismic forces on the underground facilities). In addition, the waste hoist headframe is designed
to withstand a DBE (the DBE is defined in Section 3.2.7). The waste hoist is equipped with a control
system that will detect malfunctions or abnormal operations of the hoist system (such as

over-travel, over-speed, power loss, circuitry failure, or starting in awrong direction), will trigger an
alarm for that condition and automatically shut down the hoist. The waste shaft and hoist arrangement is
shown on Figure 4.2-31.

The inside diameter of the unreinforced concrete-lined upper portion of this shaft is 19 ft (5.8 m). The
waste hoist conveyance (outside dimensions) is approximately 30 ft (9.15 m) high by 11 ft (3.35 m) wide
by 15 ft (4.6 m) deep, and carries amaximum payload of 45 tons. The conveyance contains an upper and
lower deck. During loading and unloading operations, the conveyance is steadied by fixed guides. At
the underground waste hoist station, rope stretch is removed by a chairing device that supports the weight
of the conveyance and payload.
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The waste hoist is an electrically driven friction hoist. The 600 HP DC voltage waste hoist motor is
designed for a maximum operating speed of 13.5 RPM. The motor’sfield is formed by wound poles,
and is supplied with a constant DC current obtained from rectifying a 480 volt three-phase supply. The
DC voltage magnitude and direction controls the speed and direction of the hoist. The maximum rope
speed of the waste hoist is approximately 500 ft (152.4 m) per minute. Thereisone silicon controlled
rectifier (SCR) power supply to power the hoist. The brake system can safely stop and hold the
conveyance without the drive motor. Automatic control circuitry will sense electrical problems with the
drive motor and stop the hoist.

There are two brakes, mounted approximately 180 degrees apart, on each braking flange of the hoist
wheel. These disc brakes (four total) are spring set, and are released by hydraulic pressure. Brake
switches indicate brake set, release, and wear. A redundant hydraulic power supply exists to supply
hydraulic pressure to release the brakes. Each hydraulic unit has its own motor, pump, and oil

reservoir. Thereisan automatic switch over from the primary system to the standby system if the
hydraulic pressure decreases below the set point. Thereis no automatic switch over from the standby
system to the primary system. A timed back up pressure relief path existsto set the brakes if for any
reason the brake pressure is not released within a few seconds after the application of the brake set signal.

Hoisting, tail, and guide ropes are provided for the safe operation of the conveyance and the
counterweight. The hoisting ropes are 1-3/8" (3.5 cm) diameter, fully locked coil bright steel ropes
suitable for use with afriction hoist. Thetail ropes are 2-1/4" (5.7 cm) diameter, non-rotating bright
steel, with a synthetic fiber core. The three tail ropes approximately balance the weight of the six
hoisting ropes. The guide ropes are 1-3/4" (4.45 cm) diameter, half-lock bright steel with internal and
external lubrication and are designed to operate with minimal field lubrication only. There are four guide
ropes for the conveyance and two guide ropes for the counter weight. Tension in theseropesis
maintained by weights on the bottom of the ropes. The size of the weights are different to prevent
harmonic vibrations during hoist operation.

A conveyance and counterweight over-travel arrester system exists to stop movement if the normal
control system hasfailed. Four timbers are provided at the tower and the sump regions for both the
conveyance and the counterweight to assist in absorbing energy to stop an over traveling conveyance or
counterweight. Retarding frames rest in notches either at the top of the wood arresters (sump area), or at
the bottom of the wood arresters (tower ared). The retarding frames have knives that cut into the timbers
if driven by the conveyance or the counterweight.

If the conveyance over-travels against the upper crash beams and the hoist ropes fail, safety lugs on the
conveyance mate with pivoting dogs on the catchgear mounted in the head frame to prevent the
conveyance from falling if the ropes break. The counterweight catchgear system functionsin asimilar
fashion to stop the counterweight from falling. Each catchgear frame is mounted on a hydraulic shock
absorber which absorbs energy from a descending conveyance or counterweight. Lever arms are used to
raise the pivoting dogs if they are not supporting any weight.

Emergency stop buttons are provided at the Master Control Station (MCS) and at all control stations to
effect an emergency stop of the hoist. These buttons are operablein all modes of hoist operation, and
when pressed, will open the control power loop and set the hoist brakes. These buttons provide the most
rapid means of bringing the hoist to astop. A controlled stop button that will decelerate the conveyance
before setting the brakesis located on the control panel, to the left of the MCS. The controlled stop isa
slower and softer stopping action than the emergency stop.
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Eleven signals, two analog and nine contact, are used during Waste Hoist operations and are transmitted
to the CMR for remote monitoring. The analog signals are the hoist motor voltage and amperes. The
contact signals are "Hoist Operation, Manua", "Hoist Operation, Semi-Auto", "Hoist, Abnormal
Condition", "Emergency Stop", "Men Working in Shaft", "Waste on Hoist", "Personnel on Hoist",
"Hoist, Up", and "Hoist, Down".

The waste hoist Signaling System consists of bells and lights activated by the operators at the MCS and
the operating stations.

The SH shaft is used to transport mined salt to the surface and to provide personnel transportation
between the surface and the underground horizon. It aso acts as a duct for supplying air to the
underground mining and disposal areas, and is one route for the power, control, and communications
cables. The hoist’s maximum rope speed is approximately 1,800 ft (548.6 m) per minute. The shaft
inside diameter is 10 ft (3.05 m) for the steel lined portion, and 11 ft 10 in (3.6 m) for the unlined
portion.

The exhaust shaft is used as the opening to exhaust air from the underground disposal areasto the
surface. Theinside diameter of the lined portion of this shaft is 14 ft (4.3 m). The shaft lining is
unreinforced concrete. The shaft key incorporates polymeric chemical water seal rings. The exhaust
shaft collar does not utilize a building or head-frame, and is sealed at the top by a 14 ft (4.3 m) diameter
elbow that diverts exhaust air into the exhaust ventilation system.

The AlSis used primarily to supply the fresh air to the underground areas, and is also used for backup
egress of personnel between the surface and the underground horizon. The hoist’s maximum rope speed
is approximately 830 ft (253 m) per minute. Theinside diameter of the unreinforced concrete lined upper
portion of this shaft is 16 ft (4.9 m).

4.2.3 Subsurface Facilities
4.2.3.1 General Design

The subsurface facilities are located 2,150 ft (655 m) below the surface and include the waste disposal,
north, and support areas. The underground support areas contain the facilities to service and maintain all
underground equipment for mining and waste disposal operations, monitor for radioactive contamination,
and allow limited decontamination of personnel and equipment. The mining, north, and waste disposal
areas are isolated from each other by air locks and bulkheads. Some mining construction activities may
be required within an active disposal panel, however, these activities can be separated from the disposal
processes and areas by schedule (time), ventilation controls, and temporary bulkheads.

The underground support facilities and their ventilation flows in the shaft pillar area are shown on Figure
4.2-32.

The support facilities on the disposal side provide a maintenance area, a vehicle parking areawith
plug-in battery charging, and a waste transfer station.

The support facilities on the mining side consist of a vehicle parking area, electrical substation, welding

shop, awarehouse, offices, materials storage area, emergency vehicle parking alcoves, a diesel equipment
fueling station, and a mechanical shop.
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An experimental area, separate from the other areas of the underground repository, contained areas for
evaluating the interaction of simulated waste and thermal sources on bedded salt under closely
monitored, controlled conditions. The experimental area was deactivated in September 1996. The
deactivation was accomplished by the construction of two light weight cementitious block walls. The
walls are located just north of the N780 drift in the E300 and E140 entries. The light weight
cementitious walls not only serve as a barricade preventing access, but also isolate and prevent any
measurabl e ventilation from entering or exiting the deactivated area. (Portions of this areawere re-
entered for the permanent disposal of salt mined from Panel 2 and are being maintained open).

Underground mining procedures and cavity dimensions incorporate the results of the salt creep analysis
in DOE/WIPP 86-010, Waste I solation Pilot Plant Design Validation Final Report.?

The mining area fuel dispensing room isin an alcove off the mining exhaust entry. Thisfuel dispensing
room provides alocation and pumping facilities for a portable fuel tank. The portable diesel tank
hoisting and lowering is done through the waste shaft, or the SH shaft as required. An automatic dry
chemical fire suppression system, with main and reserve tanks, is provided in the fueling area. Any fire
generated smoke and fumes would be exhausted directly to the exhaust ventilation system.

4.2.3.2 TRU Waste Disposal Area

The disposal area (Figure 4.1-3) provides space for 6.2 x 10° ft* (1.76 x 10° m®) of TRU waste materia in
TRU waste containers of which up to 2.5 x 10°ft* (7.08 x 10° m®) can be RH TRU waste. Thisareaalso
includes the four main entries and the cross-cuts that provide access and ventilation. Figure 4.2-33 shows
atypical waste container disposal configuration.

Theribs (pillars or walls) of the disposal rooms and entries are used for storing RH TRU waste canisters.
Although RH TRU waste and CH TRU waste can be disposed in the same rooms, all RH waste
emplacement in aroom must be compl ete before CH waste can be emplaced in that room.

The amount of TRU waste in each panel/room is limited by thermal, structural, and physical
considerations, and emplacement is designed not to exceed 10 kW/acre. Based on current design and
thermal constraints, a spacing of approximately 30 in between centers for RH TRU waste canisters has
been specified, and a shield plug provides shielding between the canister and the room.

Typically main entries and cross cuts in the repository provide access and ventilation to the disposal area.
The main entries link the shaft pillar/service area with the disposal area and are separated by pillars.
Typical entries are 13 ft (4.0 m) high and 14 to 16 ft (4.3 to 4.9 m) wide. Each of the panels |abeled
Panels 1 through 8 will have seven rooms. The locations of these panels are shown in Figure 4.1-3. The
rooms will have nominal dimensions of 13 ft (4.0 m) high by 33 ft (10 m) wide by 300 ft (91 m) long
and are separated by 100 ft (30 m) wide pillars.

If waste volumes disposed of in the eight panels fail to reach the stated design capacity, the DOE may
choose to use the four main entries and crosscuts adjacent to the waste panels (referred to as the disposal
area access drifts) for disposal, asfollows:

E-300 will be mined to be 16 ft (4.9 m) wide and 13 ft (4.0 m) high

E-140 is mined to 25 ft (7.6 m) wide by 13 ft (4 m) high
W-030 and W-170 will be similar to E-300.
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Presently, only the construction of these areas is planned. The above drifts extend from S-1600 to
S-3650 (i.e., 2,050 ft [625 m] long). Crosscuts (east-west entries) will be 20 ft (6.1 m) wide by 13 ft
(4 m) high by 470 ft (143 m) long. The layout of these excavationsis shown on Figure 4.1-3.

Panel 1isthefirst panel to be used for waste disposal, and was excavated from 1986 through 1988. Its
rooms and access drifts have been rock-bolted to assure stability. Panel 1 has been re-bolted with
threaded bar resin anchors. In addition, Room 1 has been supplied with a supplementary roof-support
system consisting of rock bolts, steel channel sets, and awire-mesh and lacing system. The DOE intends
to mine panelsin the following order:

Final ¥ Panel 10 (access drifts for Panels 1,2,7, and 8)
Panel 2

Panel 9 (access drifts for Panels 3,4,5 and 6)

Panel 3

Panel 4

Panels 5 through 8

At normal operating (waste throughput) rates, rock bolting in Panels 2 through 8 may only be required
locally (i.e. spot bolting). Rock fixtures used at WIPP comply with 30 CFR 57, * Subpart B. Each
ground control support system installation isindividually assessed and evaluated. Asaresult they vary
from time to time and place to place.

A discussion of the design life of underground disposal roomsisincluded in Section 4.3.9. An
evaluation of the effective life of the underground roomsin Panel 1 was performed during April 1991, by
apanel of geotechnical experts. The panel members concluded that if no additional remedial measures
were taken, the roomsin the panel would likely have atotal life of seven to eleven years from the time of
excavation using the installed roof support system, consisting of patterned mechanically anchored
rockbolts. Experiencein Panel 1 confirmed the conclusion of the expert panel.

Plans call for bolt systems installed in the future to equal or exceed the bearing characteristics of the bolts
used in the primary pattern in Panel 1. The configuration of Panel 2 through 8 will be similar to Panel 1,
therefore; the performance of these rooms should be similar to those in Panel 1. Supplementary support
systems will further extend the effective life of the rooms, should they be required. A detailed discussion
of initial and supplementary support systemsisincluded in Section 4.3.9.

The support system will be subjected to longitudinal and lateral oading due to the rock deformation.

The anchorage components may undergo lateral deformation due to offsetting along clay seams or
fractures and increasing tensile loading. Rigid, non-yielding support systems are not designed to
accommodate salt creep; however, they do respond to creep and continue to provide support during
ductile behavior. Yielding support systems are currently being evaluated in the WIPP underground.
These systems are designed to yield at predetermined loads, and provide support over their prescribed
yield interval without maintenance. Preliminary data indicate that the design and performance of some of
these systems are clearly superior to rigid systemsin their ability to respond to salt creep while
maintaining adequate ground support.

Because the disposal area access drifts must remain open and operational for a much longer period than
any panel, they will require additional consideration from time to time. They are subject to regular and
systematic inspection and evaluation, and appropriate ground control measures will be implemented
whenever necessary.
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The DOE will ensure that any room in which waste will be placed will be sufficiently supported to assure
compliance with all laws and regulations. Creep and rock failure in WIPP excavations progress slowly.
Asaresult, many years pass before any operationally significant instability could occur. Thislong
period allows more than sufficient time for whatever actions are appropriate, such as additional
monitoring, installing supplementary support, or taking other managerial and operational actions.
Support isinstalled to the requirements of 30 CFR 57, Subpart B. Random checks are conducted by
Quality Assurance/Quality Control personnel as each systemisinstaled. Geotechnical monitoring,
design, analysis, and planning are performed in addition to regulatory inspections, maintenance, and
construction, as discussed in detail in Section 4.3.9.

The underground facilities ventilation system will provide a safe and suitable environment for
underground operations during normal WIPP facility operations. The underground system is designed to
provide control of potential airborne contaminants in the event of an accidental release or an underground
fire.

The main underground ventilation system is divided into four separate flows (Figure 4.2-32): one flow
serving the mining areas, one serving the northern areas, one serving the disposal areas, and one serving
the Waste Shaft and station area. The four main air flows are recombined near the bottom of the Exhaust
Shaft, which serves as a common exhaust route from the underground to the surface. The underground
confinement/ventilation system is discussed in detail in Section 4.4.

4.2.3.3 Panel Closure System

Chapter 10 discusses the Closure Plan that describes the activities necessary to close the WIPP facility.
The Closure Plan describes several types of closure. Thefirst typeis panel closure, which occurs as
underground panels arefilled. Secondly, final closure at the end of the Disposal Phase is described.

Following completion of waste emplacement in each underground panel, disposal-side ventilation will be
established in the next panel to be used, and the panel® containing the waste will be closed. A panel
closure system will be emplaced in the panel access drifts ( Figure 4.1-3). The panel closure systemis
designed to meet the following requirements that were established by the DOE for the design®:

¢ The panel closure system shall consider potential flow of VOCs through the disturbed rock zone
(DRZ) in addition to flow through closure components.

e The panel closure system shall perform its intended functions under |oads generated by creep
closure of the tunnels.

e The panel closure system shall perform its intended function under the conditions of a postul ated
methane explosion.

e The nominal operational life of the closure system is 35 years.

e The panel closure system for each individual panel shall not require routine maintenance during its
operational life.

e The panel closure system shall address the most severe ground conditions expected in the waste
disposal area.

e Thedesign class of the panel closure system shall be I11B (which meansthat it is to be built to
generally accepted national design and construction standards).
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e Thedesign and construction shall follow conventional mining practices.

e Structural analysis shall use data acquired from the WIPP underground.

e Materials shall be compatible with their emplacement environment and function.
e Treatment of surfacesin the closure areas shall be considered in the design.

e Thermal cracking of concrete shall be addressed.

e During construction, a QA/QC program shall be established to verify material properties and
construction practices.

e Construction of the panel closure system shall consider shaft and underground access and services
for materials handling.

The final panel closure design® was prepared with the assumption that there would be no backfill in the
disposal rooms. With the inclusion of backfill, the design has been re-examined, and it has been
determined that the changes are insignificant for several reasons. First, the backfill has no effect on the
gas generation rate so that the values used in the design for gas generation and methane buildup remain
the same. Second, the quantity of backfill is sufficient to fill one-tenth of the void volume in the room.
This resultsin more rapid pressurization of the room; however, the effect is small and will only be
important after the facility is sealed. Third, the reduced volume will result in afaster concentration
buildup of methane. Thiswould not result in arevision of the design. Instead, it would change the
criteriafor installing explosion walls.

The design for the panel closure system calls for a composite panel barrier system consisting of arigid
concrete plug with or without removal of the DRZ, and either an explosion-isolation wall or a
construction-isolation wall. The design basis for this closure is such that the migration of hazardous
waste constituents from closed panels during the operational and closure period would result in
concentrations at the WIPP facility well below health-based standards. The source term used as the
design basis included the average concentrations of VOCs from CH waste containers, as measured in
headspace gases through January 1995. The VOCs are assumed to have been released by diffusion
through the container vents, and are assumed to be in equilibrium with the air in the panel. Emissions
from the closed panel occur at arate determined by gas generation within the waste and creep closure of
the panel. Dueto therelatively small amount of RH waste (approximately five percent of the total waste
volume), VOC emissions from RH waste are assumed to contribute insignificantly to total VOC
emissions. This design meets the environmental performance standard.

Figures 4.2-34 and 4.2.35 show diagrams of the panel closure design and installation envelopes.
DOE/WIPP-96-2150° provides the detailed design, and the design analysis for the panel closure system.
The panel closure design is such that components can be added or removed, or their shapes adjusted
depending on the particular ground conditions at the time of installation. For example, in
DOE/WIPP-96-2150°, Option A represents the likely closure of panels less than 20 years old at the time
of final facility closure, and whose entries are sufficiently intact such that DRZ removal is not needed.
These would likely include Panels 6 through 8.
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Option B represents the preferred option for panels that will be closed for more than 20 years prior to
final facility closure, and whose entries are reasonably intact at time of closure. These will likely be
Panels 2 through 5. Option C may be desirable for panels whose entries require DRZ removal, and
whose closure precedes final facility closure by lessthan 20 years. Thisisthe likely configuration of the
closure for Panels 9 and 10. Finally, Option D may be appropriate for panels whose entries require
significant removal of the DRZ, and whose closure will precede final facility closure by more than 20
years. Panel 1isthe most likely candidate for thistype of closure.

The 20-year limit in the design selection process is based on what the DOE believes to be conservative
analytical results that indicate methane, being generated by waste degradation at the rate of 0.1 mole per
drum per year, will not reach flammable concentrations for at least 20 years. As part of the decision
making process on design selection, an investigation of the DRZ would precede the selection of the
concrete component and the specification of the amount of excavation that is needed. The investigation
could be done using geophysical methods (such as ground penetrating radar) or drill holes. Drill holes
can beinvestigated using video cameras or "scratchers." The DOE considers the 20-year criterion is still
appropriate, since the design report shows that it takes 25 years to reach explosive limits. A ten percent
reduction in thistimeis still beyond 20 years. Furthermore, the chances that methane will be generated
initially are minimized by the fact that the closed panels will beinitially oxic and may remain so for a
long time after facility closure.

The DOE believes that design Options A through D will function adequately as panel closures, given the
current state of knowledge about gas generation, the understanding of the DRZ, the expected
characteristics of the waste, and the inability of monitoring techniques to accurately detect extremely
small concentrations of VOCs. However, in the event sufficient information is collected that allows the
DOE to make | ess conservative assumptions regarding these items, designs A through D may provide
significantly more protection than is actually needed. Consequently, the DOE has retained as a design
concept, Option E, which is simply the explosion wall portion of Options B and D. Option E represents
asignificantly simpler panel closure system that the DOE would use if either of the following criteriaare
met:

e Gasgeneration rates are smaller. Current (unreported) work being performed by Sandia National
Laboratories indicates that microbial gas generation rates under humid conditions are close to zero,
and/or

e The average headspace concentrations are less than the averages used in the calculations. As new
wastes are generated, the use of organic solventsis expected to drastically be reduced.

Condition 1 of the Certification Decision Final Rule * requires that the DOE implement the Option D
panel closure system at the WIPP.
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Figure 4.2-34 Typical Disposal Panel
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4.3 Process Description

This section describes the RH TRU waste handling process at the WIPP facility. The process begins at
the gate of the WIPP facility where RH TRU waste will arrive by truck. Rail shipments are not
addressed at this time since they are not a current shipping mode. Description of the transportation
system is beyond the scope of the RH PSAR.

This section addresses WIPP facility operation relative to design bases (e.g., 35-year operational life,
design disposal capacity and throughput, etc). Process descriptionsin this chapter are independent of the
actual quantity of waste handled. The RH TRU waste handling system, including each function, the
equipment used, and the operations performed, is discussed in this section. A pictorial view of the 72B
RH TRU waste handling process is shown in Figure 4.3-1, while the 10-160B waste handling processis
shown in Figure 4.3-2.

4.3.1 RH TRU Waste Receiving

Upon arrival, each incoming road cask shipment is inspected; which includes verifying the shipment
documentation, performing a security check, and conducting an initial exterior radiological survey of the
shipment. If any levels of radiation, contamination, or significant damage in excess of acceptance criteria
are found, actions will be taken in accordance with approved procedures.

Following turnover of the shipping documentation, the driver transports and parks the trailer, unhooks
the tractor in the parking lot adjacent to the RH waste entrance to the Waste Handling Building (WHB).
Thedriver is subsequently released. The RH TRU waste outdoor storage areais designed to provide
parking for RH TRU waste trailers. Only two loaded road casks are allowed in the RH bay at atime.

4.3.2 72B Cask Waste Handling Process
4.3.2.1 Cask Preparation

When space becomes available, atrailer with aloaded 72B road cask (Figure 4.3-3) is attached to a
facility tractor and brought into the RH Bay by operations personnel. After thetrailer is spotted inside
the RH bay, Operators, using a motorized man lift as awork platform, remove the two impact limiters
from the road cask while still on the trailer. The 140/25-ton overhead craneis used to lift the impact
limiters and place on separate support stands. The cask lifting yoke is connected to the 140/25-ton
overhead bridge crane. Thelifting yoke engages the handling trunnions of the road cask. The road cask
islifted and rotated to the vertical position and placed on the road cask transfer car (Figure 4.2-7). The
A-frame of the road cask transfer car supports the road cask at the transporter trunnions. The 72B road
cask isthen moved to the cask preparation station (elevated work platform) in the RH Bay. The work
platform, which straddles the road cask transfer car rails, allows personnel to have access to the head area
of the road cask for conducting radiological surveys, performing physical inspections or minor
maintenance, and decontamination, if necessary.

The outer lid lift fixture is attached to the work platform 2.5-ton jib crane. After radiological surveysfor
surface contamination and radiation levels are performed, the space between the inner (1C) and outer
(OC) lid is vented viathe OC lid vent fixture. The operators then remove the OC lid bolts using the OC
lid bolts detensioning device. The outer lid lift fixture is attached to the OC lid. The OC lid islifted by
the jib crane from the road cask and placed on its storage stand. Theinner lid vent is opened to equalize
the pressure between the road cask cavity and atmospheric, then the inner lid lift fixture (pintle) is
attached to the inner lid.
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4.3.2.2 Cask Unloading Room

The 72B road cask is moved from the cask preparation station into the CUR. The CUR 25-ton crane
with aroad cask lift fixture engages the two opposing lifting trunnions of the road cask. The 25-ton
crane lifts the road cask from the road cask transfer car and positionsit over the CUR shield valve.
Interlocks require the 25-ton crane to be positioned over the floor shield valve, the shuttle car cask
receiver (Figure 4.2-17) in the Transfer Cell to be positioned under the floor shield valve, the Transfer
Cell ceiling shield valve to be closed, the Hot Cell shield valve to be closed, and the Hot Cell floor shield
plugs installed before the CUR floor shield valve can be opened. When all interlocks are satisfied, the
floor shield valve is opened. The processis reversed when a 72B road cask is removed from the Transfer
Cell.

Differential air pressure flow from the CUR to the Transfer Cell is used to protect the workers and
prevent the spread of contamination in the case of an off normal event.

4.3.2.3 Transfer Cdll

The Transfer Cell is an exclusion areawhen a canister of RH TRU waste is present, and any reentry after
RH TRU waste handling requires aradiological survey of the cell area.

The loaded 72B cask is lowered through the open CUR shield valve port into the Transfer Cell, then into
the shuttle car road cask receiver. The height of the cask receiver and the size of the shuttle car prevents
any road cask movement once it isinside the receiver. Theroad cask lift fixtureis disengaged from the
lifting trunnions (closed circuit TV cameras and load cells on the lift fixture are used to verify lift fixture
disengagement). The 25-ton crane lift fixture is lifted back inside the CUR. When the open port of the
floor shield valveis clear, the floor shield valveis closed.

Thetransfer cell shuttle car is designed to transfer one 72B cask from below the CUR floor shield valve
to the various robotic work stations in the Transfer Cell. Remote controlled CCTV cameras are used to
monitor waste handling operationsin the Transfer Cell.

The shuttle car positions the72B cask next to the robotic inner lid bolts detensioning device. The
detensioning device loosens the lid retaining bolts, which are spring loaded so that they remain in the lid.
The shuttle car then positions the 72B cask directly below the Transfer Cell shield valve.

4.3.2.4 Facility Cask Loading Room

In the Facility Cask Loading Room, the facility cask, on the facility cask transfer car, has been positioned
so that when it is rotated to the vertical position by the facility cask rotating device, it isin alignment
with the opening of the Transfer Cell ceiling shield valve and the telescoping port shield. The Facility
Cask Loading Room shield door is closed.

When the facility cask has been rotated to the vertical position, the telescoping port shield, mounted in
the floor of the Facility Cask Loading Room, is raised to mate with the facility cask bottom shield valve
body. The Facility Cask Loading Room 6.25-ton grapple hoist is lowered so that the shield bell isin
contact with the facility cask top shield valve body. With the shield bell and the telescoping port shield
in contact with the facility cask, atotally shielded volumeisformed to allow the safe transfer of aRH
TRU waste canister from the 72B cask into the facility cask.
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Thetop facility cask shield valve is opened, the Transfer Cell ceiling shield valve is opened, then the
bottom facility cask shield valve is opened and the facility grapple, attached to the 6.25-ton grapple
hoist, islowered through the facility cask into the Transfer Cell. (Note: the Transfer Cell ceiling shield
valve and both facility cask shield valves are interlocked so that the facility cask bottom shield cannot be
opened unless the Transfer Cell ceiling shield valve is opened and the Transfer Cell ceiling shield valve
cannot be closed unless the facility cask bottom shield valveisclosed) The facility grapple engages the
inner lid pintle, installed at the cask preparation station, and lifts the inner lid clear of the 72B cask.
When thelid is clear of the cask, radiological contamination swipes are taken by robotic means and are
transferred from the Transfer Cell for analysis. Thelid islifted so that the Transfer Cell ceiling shield
valve can be closed. The shuttle car is then repositioned so that the inner lid storage platform is aligned
under the Transfer Cell ceiling shield valve. The Transfer Cell ceiling shield valve is opened and the
facility grapple positions the inner lid on its storage platform and releases the pintle. The facility grapple
islifted so that the Transfer Cell ceiling shield valve can be closed. The shuttle car then positioned so
that the 72B cask is in alignment with the Transfer Cell Shield valve and the shield valve is opened. The
facility grappleislowered until it engages the pintle of the waste canister.

Asthe waste canister islifted from the 72B cask and before it passes through the Transfer Cell ceiling
shield valve, radiological contamination swipes on the waste canister are taken by robotic means and are
transferred from the Transfer Cell for analysis. Also the waste canister identification is observed by
CCTV cameras and compared against the identity listed on the hazardous waste manifest and the WIPP
Waste Information System (WWIS) to verify that the canister is suitable for emplacement. During the
lift, the CCTV cameras provide avisual inspection to verify the mechanical integrity of the waste
canister.

When the surveys have been satisfactorily completed and identification verified, the waste canister is
lifted inside the facility cask. The bottom shield valve of the facility cask is closed, the Transfer Cell
ceiling shield valveis closed, and the facility grapple lowers the waste canister so that it is resting on the
gate of the bottom shield valve. the waste canister is held in position until the results of the
contamination survey are completed. If the waste canister is cleared for disposal, the facility grapple
disengages from the waste canister pintle and is lifted into the bell shield, then the facility cask top shield
valveisclosed. The bell shield isthen lifted away from the facility cask and the telescoping port shield
islowered. Thefacility cask isrotated to the horizontal position. The Facility Cask Loading Room
shield door is opened.

If any discrepancy in awaste canister’ sidentity or surveys (radiological and integrity) is detected, the
waste canister will be re-inserted inside the road cask and the inner lid placed on the road cask. The
shuttle car will position the road cask under the Hot Cell transfer path opening in the ceiling of the
Transfer Cell. Radiological surveyswill be performed to determine if any streaming paths from the road
cask inner lid exists. If determined to be radiologically safe, the inner lid bolts will be manually
tensioned and the 72B road cask unloading process will be reversed.
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4.3.3 10-160B Cask Waste Handling Process
4.3.3.1 Road Cask Preparation

A loaded 10-160B road cask is brought into the RH Bay. After thetrailer is spotted inside the RH bay,
Operators, using a motorized man lift asawork platform, remove the top impact limiter from the road
cask while still on the trailer. The 140/25-ton overhead crane is used to lift the impact limiter and place
at designated location. Operatorsinstall the lifting lugs on the sides of the road cask. Thelidisleftin
place to provide shielding. The 140/25-ton bridge crane is used to lift the 10-160B cask from the trailer
by engaging the lifting lugs and place it on the 10-160B road cask transfer car. Operators then vent the
cask utilizing containment/filtration to contain any contamination which may have been released during
transit. The venting rig/containment will be surveyed for surface contamination after the pressures have
equalized. Operations then remove the road cask lid bolts.

After the 10-160B road cask has been placed on the transfer car, the lid lift fixture with an integral pintle
is attached to the cask lid. Thelid lift fixtureisinstalled by using either the 140/25 ton crane or the cask
preparation station jib crane.

4.3.3.2 Cask Unloading Room

Thetransfer car transports the 10-160B road cask to the CUR and positionsit under the Hot Cell floor
shield plugs. Waste Handling personnel leave the room and close the shield door. Interlocks require the
CUR shield door and floor shield valve and the Hot Cell shield valve to be closed, before the Hot Cell
shield plugs can be removed. When all interlocks are satisfied, the shield plugs are removed.

When aloaded facility canister isready for processing out of the Hot Cell, ashielded insert (used to
transport afacility canister in the Transfer Cell will be positioned inside the CUR using the 72B road
cask transfer car. The 25-ton crane will be used to lower the shielded insert into the Transfer Cell shuttle
car cask receiver.

4.3.3.3 Hot Cell

Re-packaging of the RH TRU waste drums shipped in the 10-160B cask occursin the Hot Cell. The Hot
Cdll isan exclusion area when containers of RH TRU waste are present, and any reentry after RH TRU
waste handling requires aradiological survey of the Hot Cell area. The Hot Cell equipment (15-ton
bridge crane and its attachments, power manipulator and attachments, master-slave manipulators and
CCTV system) are used for waste handling operations inside the Hot Cell.

Operatorsin the operating gallery use the Hot Cell 15-ton crane and the shield plug lift fixtures, while
monitoring the CCTV's, to remove the Hot Cell floor shield plugs and set them aside in the Hot Cell.
The crane with afacility grappleislowered into the CUR and engages the lid lifting fixture pintle on the
10-160B cask lid. The cask lid israised into the Hot Cell where radiological contamination surveys are
performed on itsinside surfaces before it is set aside. The facility grapple on the Hot Cell crane
engages the pintle on the 10-160B drum carriage lift fixture and lowers it into the CUR where it engages
the lifting elements of the upper drum carriage unit. The crane raises the drum carriage unit into the Hot
Cell movesit to the inspection station. At the inspection station radiological contamination swipes on
the drums and carriage are taken. The swipes are placed in the Hot Cell transfer drawer and transferred
into the glove box in the operating gallery for radiological counting. While waiting for radiological
counting results, the identification of each drum is verified and compared against the identity listed on
the hazardous waste manifest and the WWIS. Oncethe ID of each of the five drumsis verified and al
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are determined to be free of contamination, the carriage is placed at the designated storage location on the
Hot Cell floor. The processis repeated for the second drum carriage unit. If any discrepancy in awaste
drum’sidentity or radiological survey is detected, both |oaded carriages will be re-inserted into the 10-
160B road cask and 10-160B road cask unloading process will be reversed. If any empty drum carriage
unitsarein the Hot Cell, a maximum of two will be placed into the empty 10-160B cask. The crane
picks up the 10-160B cask lid and lowersit into the CUR and placesit on the empty 10-160B cask. The
Hot Cell floor shield plugs are re-installed.

Facility canister(s) are pre-staged in the inspection station of the Hot Cell. A facility grappleinstalled on
the 15-ton craneis used to remove the lid of one of the canistersin the inspection station. The bridge
mounted power manipulator or the 15-ton Hot Cell craneis used to lift adrum from the carriage and
place it into an empty facility canister. This processis repeated two more times until the maximum load
of three drums arein afacility canister. This canister loading processis repeated until all drums have
been removed from the two carriages. Any partially filled facility canisters can be maintained in the Hot
Cell until another 10-160B is unloaded.

The power manipulator or the 15-ton Hot Cell craneis used to install and secure the lid(s) to the filled
facility canister(s). Any partialy loaded facility canister may be stored in the Hot Cell until it can be
fully loaded. The 15-ton Hot Cell crane grapple engages the pintle on aloaded facility canister lid and
liftsit from its stagged location. The facility canister is positioned directly over the closed Hot Cell
shield valve.

4.3.3.4 Transfer Cdll

The Transfer Cell is an exclusion areawhen a canister of RH TRU waste is present, and any reentry after
RH TRU waste handling requires aradiological survey of the Transfer Cell area.

Thetransfer cell shuttle car is designed to transfer one facility canister in ashielded insert at atime from
below the Hot Cell shield valve to below the Transfer Cell ceiling shield valve. Remote controlled
CCTV cameras are used to monitor waste handling operations in the Transfer Cell. The shuttle car with
ashielded insert, similar to but sightly larger than a 72B road cask, is positioned so that the shielded
insert is directly below the Hot Cell shield valve. The Hot Cell shield valve, which isinterlocked with
the Transfer Cell ceiling shield valve, the CUR floor shield valve, and the Hot Cell shield plugsin such a
manner that it can only be opened when the shield plugs are installed and the Transfer Cell and CUR
shield valves are closed. The facility canister islowered through the open Hot Cell shield valve port into
the shielded insert. The 15-ton crane grapple is disengaged from the facility canister pintle (CCTV
cameras and load cells on the crane are used to verify disengagement) and lifted back inside the Hot Cell.
When the open port of the Hot Cell shield valveisclear, the shield valveis closed.

4.3.3.5 Facility Cask L oading Room
In the Facility Cask Loading Room, the facility cask, on the facility cask transfer car, has been positioned
so that when it is rotated to the vertical position by the facility cask rotating device, it isin alignment

with the opening of the Transfer Cell ceiling shield valve and the telescoping port shield. The Facility
Cask Loading Room shield door is closed.
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When the facility cask has been rotated to the vertical position, the telescoping port shield, mounted in
the floor of the Facility Cask Loading Room, is raised to mate with the facility cask bottom shield valve
body. The Facility Cask Loading Room 6.25-ton grapple hoist is lowered so that the shield bell isin
contact with the facility cask top shield valve body. With the shield bell and the telescoping port shield
in contact with the facility cask, atotally shielded volumeisformed to alow the safe transfer of afacility
canister from the shielded insert into the facility cask.

Thetop facility cask shield valve is opened, the Transfer Cell ceiling shield valve is opened, then the
bottom facility cask shield valve is opened and the facility grapple, attached to the 6.25-ton grapple
hoigt, islowered through the facility cask into the Transfer Cell. (Note: the Transfer Cell ceiling shield
valve and both facility cask shield valves are interlocked so that the facility cask bottom shield cannot be
opened unless the Transfer Cell ceiling shield valve is opened and the Transfer Cell ceiling shield valve
cannot be closed unless the facility cask bottom shield valveisclosed) The facility grapple engages the
facility canister pintle and lifts the facility canister from the shielded insert. The facility canister islifted
inside the facility cask. The bottom shield valve of the facility cask is closed, the Transfer Cell ceiling
shield valveis closed, and the facility grapple lowers the facility canister so that it isresting on the gate
of the bottom shield valve. The facility grapple disengages from the facility canister pintle and islifted
into the bell shield, then the facility cask top shield valveis closed. The bell shield isthen lifted away
from the facility cask and the telescoping port shield islowered. The facility cask is rotated to the
horizontal position. The Facility Cask Loading Room shield door is opened.

4.3.4 Waste Shaft Entry Room

In the waste shaft entry room with the waste hoist cage properly positioned, the shaft gates are opened,
the pivot rails are positioned, and the facility cask transfer car transports the facility cask onto the waste
hoist conveyance. The Facility Cask Loading Room shield doors are closed. The waste hoist
conveyance is lowered to the disposal horizon. The facility cask transfer car moves the facility cask from
the hoist conveyance into the underground transfer area shown on Figure 4.3-2.

4.3.5 Underground Transfer Area

When the waste shaft conveyance has stopped at the disposal horizon, the shaft gates are opened, the
pivot rails are positioned, power cable connected, and the facility cask transfer car moves from the
conveyance (Figure 4.3-4) into the transfer area (E-140). The 41-ton forklift forks are inserted into the
lower set of forklift pockets of the facility cask and lifts the facility cask from the facility cask transfer
car. Theforklift lowersthe facility cask and transportsit to the disposal location at a speed of
approximately 3to 4 mi (4.8 to 6.4 km) per hour.

4.3.6 RH TRU Waste Disposal

At the RH waste disposal location, the 41 ton forklift places the facility cask on the waste transfer
machine, which will have been previously aligned with the horizontal borehole (Figure 4.2-26). The
facility cask is moved forward to mate with the shield collar and the transfer carriage is advanced to mate
with the rear facility cask shield valve. Both facility cask shield valves are opened and the transfer
mechanism extends to push the canister into the hole (Figure 4.3-5). After retracting the transfer
mechanism into the facility cask, the forward shield valveis closed, and the transfer mechanism is further
retracted into its housing. A forklift using the strongback positions a shield plug (Figure 4.2-28) on the
shield plug carriage. The transfer carriage is moved to the rear about 6.5 ft (2 m) and a 6-ton forklift
places the shield plug carriage (Figure 4.2-25) on the staging platform. The transfer mechanism pushes
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the shield plug into the facility cask. The front shield valve is opened and the shield plug is pushed into
the hole (Figure 4.3-6).

The transfer mechanism is retracted, the facility cask shield valves are closed, the transfer carriage
retracted, and the facility cask removed from the emplacement machine. The emplacement machineis
now available for transfer to another location.

4.3.7 Process Interruption Modes
Process interruption modes fall into two categories, routine and emergency/abnormal.
4.3.7.1 RoutineInterruptions

Routine interruptions are plant process interruptions, including scheduled maintenance, unscheduled
maintenance, and plant inspections during the life of the facility.

Actions taken during aroutine interruption are conducted in accordance with established procedures, and
monitoring of the plant parameters during the interruption is continued to ensure that no radiological
problems are encountered. Any additional inspections that are necessary during the interruption are
specified in the procedures.

4.3.7.2 Emergency/Abnormal Interruptions

Emergency interruptions are those process interruptions in the plant due to accident conditions, which
include earthquakes, severe weather, and fires.

Earthquake - Normal plant operations may be suspended following an earthquake. If the earthquakeis
of sufficient magnitude (i.e., seismic event of 0.015 g or greater acceleration), inspection of structures
and equipment will be required prior to resuming normal operations. The length of the interruption will
depend upon the results of the inspection and all plant recovery corrective actions will be directed toward
returning the plant to normal operation.

Severe Weather - Normal plant operations may be suspended during a tornado warning or a high wind
condition. A tornado warning or high wind condition will exist based on information provided by the
National Weather Service or alocal observation. If asevere weather emergency condition occurs at the
WIPP facility, inspections of structures and equipment may be required prior to resuming normal
operations. The length of the interruption will depend on the results of the inspection, and all plant
recovery corrective actions will be directed toward returning the plant to normal operation.

Fires - Fire accidents, although not expected, may result in a process interruption. The occurrence of a
major fire requires the evacuation of personnel and response by appropriate emergency personnel. After
extinguishing the fire, the areawill be surveyed, controls will be established to mitigate any problems,
and the area returned to normal operations.

Abnormal I nterruptions are any unplanned and unexpected change in a process condition or variable
adversely affecting safety, security, environment, or health protection performance sufficient to require
termination (stopping or putting on hold) of an operating procedure related to the flow path of radioactive
waste processing for greater than four hours.
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L oss of Off-Site Power - The loss of off-site power affects al electrical equipment. The plant is
designed with amanually started backup power supply, which picks up selected electrical loads such as
the AlS hoit, lighting, and ventilation system. Certain equipment has uninterruptible (battery) backup
for loss of power so that functions such as parts of the central monitoring system (CMS) continue
without power interruption. The site backup power system can maintain the containment functions (e.g.,
negative pressure ventilation balance), and is discussed in Section 4.6.

4.3.8 WIPP Waste I nformation System

The RH WAC* requires specific information from the waste generators to meet the waste certification
requirements. The WIPP waste information system (WWIS) provides an online source of data required
by the RH WAC,* showing the waste form, type payload, weight, and radionuclide inventory.

The WIPP WWIS s a system of computerized toolsin amultiuser relational database designed to
facilitate the effective management and tracking of TRU waste from DOE waste generator sites to the
WIPP. The WWISwill gather, store, and process information pertaining to TRU waste designated by the
Secretary of Energy for disposal at the WIPP. The system will support those organizations who have
responsibility for managing TRU waste by collecting information into one source and providing datain a
uniform format that has been verified or certified as being accurate. The WWISwill be areliable, secure,
and accurate system to store all information pertaining to characterization, certification, and emplacement
of waste at WIPP. Waste information for WWIS will be supplied by the generator sites of the TRU
waste and the WIPP facility.

The WWIS includes features to automate the transfer of the data required by the RH WAC* from the
waste generators to the WIPP and also includes the limiting criteriafrom the RH WAC*. Datainput by
the waste generators that does not meet these criteriais automatically flagged for review. In addition to
providing RH WAC* related information for the repository, the WWIS provides operational information,
and routine and special reports. See WP 08-WA.06 2, Appendix A for an example of the WWIS Data
Dictionary.

The WWIS provides the following functions:

® Entry and validation of waste characterization data for waste destined for the WIPP.

® Entry and validation of waste certification datafor waste destined for the WIPP.

® Entry and validation of waste transportation data for waste destined for the WIPP.

® Entry and validation of waste emplacement location data for waste emplaced at the WIPP.

During the waste handling process, the waste container identity is entered into the WWIS to track the
location of the waste, and to verify that the information contained in shipping documents was correct.
Once the waste is emplaced, afina set of documents summarizing the contents and final disposition of
the waste is generated by the WWIS and added to other pertinent documentation to create the required

records. The records generated will be used to show WIPP' s compliance with the applicable regulations
relative to the type of wastes destined for disposal at WIPP.
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4.3.8.1 72B RH TRU Waste I dentification

The identification number of each 72B RH TRU waste canister is verified against the container data
while the canister isin the Transfer Cell and just beforeit is loaded into the facility cask.

4.3.8.2 10-160B RH TRU Waste | dentification

The identification number of each 10-160B RH TRU waste drum is verified against the container data
while the drumisin the Hot Cell after it is unloaded from the road cask.

4.3.9 Underground Mining Operations
4.3.9.1 Mining Method

Mining is performed by continuous mining machines. Prior to mining in virgin areas, probe holes are
drilled to relieve any pressure that may be present. After mining, vertical pressure relief holes are drilled
up at the main intersections of drifts and crosscuts.

One type of continuous mining machine is aroadheader or boom type continuous miner operating a
milling head. The milling head rotates in line with the axis of the cutter boom, mining the salt from the
face. The mined salt is picked up from the floor by the loading apron. The muck (mined salt) is pulled
through the miner on a chain conveyor, through a slewing conveyor, and then loaded in one of the haul
vehicles.

Another type of continuous mining machine isadrum miner operating with a head that rotates
perpendicular to the axis of the cutter boom, and cuts the salt away from the working face. The muck is
pulled through the miner on a chain conveyor and then loaded in one of the haul vehicles.

During and immediately after mining, a sounding survey of the roofs of driftsis made to identify areas of
drummy or slabby rock, which might represent safety or stability problems. A comprehensive
underground safety and maintenance program has been established and can be found in procedure

WP 04-AU1007, Underground Openings Inspections.®

Remedial work, including hand scaling of thin drummy areas, removal of larger drummy areas up to 18
in thick with the continuous miners, or rock bolting, is accomplished immediately after soundingsin any
areas identified as potentialy unstable. Additional scaling is performed, as required, using a mechanical
scaler, improving the safety of this operation.

Rock bolts are used extensively throughout the underground openings for remedial work and for safety.
In addition, roofsin the first waste disposal panel and high traffic areas are pattern bolted for extra safety.
Both resin and mechanical bolts are used in most ground control activities. Only certified bolts are used
at the WIPP; the specificationsin WP 04-AU1007 ® and 30 CFR 57, Safety and Health Standards -
Underground Metal and Nonmetal Mines* are used in defining bolting requirements for the underground.

The WIPP engineering staff is responsible for ensuring that ground control systems comply with all rules
and regulations.
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4.3.9.2 Interface Between Mining and Waste Disposal Activities

Separate mining ventilation and disposal ventilation circuits are maintained by means of temporary and
permanent bulkheads. Air pressure in the mining side is maintained higher than in the disposal side to
ensure that any leakage resultsin airflow to the disposal side. The underground ventilation system is
discussed in Section 4.4.3. Rooms being mined are within the mining ventilation circuit, and rooms
under disposal are within the disposal ventilation circuit.

4.39.3 Mined Material

The salt removed during underground mining is brought to the surface by the salt handling system.

From the surge pocket, salt is loaded into the 8-ton salt handling skip with a skip measuring and loading
hopper, the skip is raised to the surface, and dumped through a chute to surface haulage equipment which
transports the salt to an on-site storage pile.

4.3.9.4 Ground Control Program

The WIPP facility ground control program ensures underground safety from any potential unplanned roof
or ribfalls. Careistaken from the moment adrift is mined and throughout the life of the opening to
remove or restrain any loose or potentially unsafe pieces of ground. Asthe opening ages, areas of the
roof, ribs, and floor may require some ground control. To ensurethisis achieved in atimely and
efficient manner, avery comprehensive ground control monitoring program has been established.

Ground Control Planning

Aninterna ground control operating plan is used to guide both short and long-term planning. For the
purpose of ground control activities, the underground facility at the WIPP site is divided into over 100
zones. These zones facilitate detailed evaluation and documentation of the status and conditions of the
underground. A database has been devel oped which documents the current status of each ground control
zone. The current status refers to the physical state of an underground excavation (zone) with respect to
geometry, excavation age, ground support, and operational use. The data collected for the plan and the
evaluation of those data are most useful when used or considered immediately after collection. Detailed
work packages are developed specifically for each ground control activity. The plan also servesasa
foundation document for the development of the Long-Term Ground Control Plan.”

The Long-Term Ground Control Plan® provides a strategy for devel opment and selection of the most
applicable and efficient means of maintaining and monitoring the ground conditions of the WIPP in order
to assure safe and operational conditions from the present time to closure of the facility. The plansfor
the most current years covered by the plan are explained in more detail than the later years, sinceitis
easier to predict the immediate future than the distant future. The Long-Term Ground Control Plan®
addresses technical aspects of the underground facility which are concerned with the design, construction,
and performance of the subsurface structures and support systems. In particular, this plan addresses the
requirement for maintaining the ground conditions in the underground facility in a safe and operational
state for its anticipated lifetime.
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Topics associated with the stability of the roof of the underground facility are the primary focus of the
Long-Term Ground Control Plan.” During the period of time that the underground has been active, a
variety of ground control issues have been encountered ranging from minor spalling to roof falls. Minor
spalling is small pieces of the back flaking off or falling. The ground control program consists of many
aspects which include continuous visual inspections of the underground openings, extensive geotechnical
monitoring, numerical modeling, analysis of rockbolt failures, implementation of ground control
procedures, and comprehensive in situ and laboratory testing and eval uation of ground control
components and systems.

Each year the Long-Term Ground Control Plan® is rolled forward one year. Thisrevision takesinto
account developments in both WIPP and industrial support practices and materials, and any changesin
WIPP life and operational requirements. WIPP ground control plans are living documents that keep
ground control practice at WIPP both current and responsive.

Ground Control Practice

A comprehensive ground control program for the entire underground facility is followed at WIPP to
ensure safe conditions, operational efficiency, reliability and confidence, and regulatory compliance for
personnel and equipment.

Qualified and experienced personnel in Geotechnical Engineering, Mine Engineering, and Underground
Operations are responsible for and committed to the success of this program. The elements of the
program are monitoring; initial and on-going evaluation; engineering design and specification; data
collection and analysis; implementation; and maintenance as necessary. These elements include the
following main activities.

e Monitoring: The geotechnical performance of the underground facility isregularly evaluated by the
Geotechnical Engineering section. This evaluation isfocused on providing early detection of
conditions that could affect safety and operations, and to permit further engineering analysis of the
performance of WIPP excavationsin salt. At present there are over 1,000 instruments installed
underground, and additional instruments are installed as conditions warrant. Daily and weekly visual
examinations are performed by Mine Operations staff.

e Evauation: Geotechnical and mining engineers perform avariety of rock mechanics analyses to
ensure that rock mass behavior is correctly understood and proper ground control measures are
instituted from the beginning.

e Engineering Design and Specification: The ground support system is designed and specified to
ensure the safety of staff and to facilitate operations. Maintenance activities are specified in
performance standards and procedures so that ground conditions presenting a potential hazard are
safely rectified. Ground control problems are addressed on an individual basis so that the most
appropriate method of remediation isimplemented. Geotechnical Engineering is constantly
improving ground support systems in order to provide the most effective and safe methods and
materials possible for the underground facility.
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e DataCollection and Analysis: Field activities are established for data collection from geotechnical
instrumentation, fracture and excavation effect surveys, and general observations. Ground conditions
are examined on aregular basis (at the beginning of each shift, weekly, monthly, and annually
according to regulatory requirements and operating plans). Monitoring results are analyzed in
comparison with established design criteria, and are utilized in avariety of computer models. The
results of these studies are published in avariety of formats ranging from specific reports through
frequent regular assessments (e.g., bi-monthly summaries) to comprehensive annual reports (e.g.
Geotechnical Analysis Report), which are available to the public in reading rooms. All data and
related documentation are maintained in databases which are regularly subjected to quality assurance
audits. These data are available to those who make independent assessments.

The fundamental s on which the ground control program at the WIPP facility are based are as follows:

® Ground stability is maintained as long as access is possible.
® Ground control maintenance efforts increase with the age of the openings.
® Ground control plans are specific but flexible.

® Regular ground control maintenance is required.

The ground control program at the WIPP facility uses observational experience and analysis of salt
behavior underground to enable various projections regarding future ground support requirements. This
approach recognizes that salt moves or creeps. Because of its plastic nature, salt will flow into an
excavated opening. To provide long-term ground support, the ground control system must:

® Accommodate the continuous creep of salt

® Retain broken fractured rock in the back or rib

Two major categories for support systems are rock bolts and supplementary systems. The rock bolt
systems are mechanically-anchored bolts and resin-anchored threaded rods. The supplementary systems
include cables with mesh, trusses, and the Room 1, Panel 1 design.

Initial Roof Support System (Rock-Bolt System)

Prior to waste emplacement in any specific area (room), the plans (for Panels 2-8) are to spot bolt with
short, mechanically anchored bolts only as necessary, if spalls or loose ground are encountered during
and after the mining process. Mesh may be used in conjunction with these bolts to secure any loose
ground encountered during normal inspection processes. These bolts would not penetrate through to the
next clay/anhydrite interface, and would be anchored within the beam formed by the mine roof and the
clay/anhydrite interface above. Thisisthe primary or initial support which will be used in Panels 2-8.
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However, based on experience with the Site and Preliminary Design Validation (SPDV) rooms and the
roomsin Panel 1, pattern bolting is not expected to be required until 2-5 years after excavation. Disposal
rooms may be pattern bolted prior to waste emplacement. The expert panel convened to study Panel 1in
1991 concluded that the then current support technology of 10 ft (3.05 m) long mechanical bolts used in
Panel 1 should be adequate to ensure stability for 7 to 11 years from the time of excavation. These bolts
were installed beginning approximately two years after initial excavation on a pattern described asa5 ft
by 5 ft (1.5 m by 1.5 m) offset pattern (one bolt per 25 ft 2[2.32m]). Experiencein Panel 1 confirmsthe
conclusion of the expert panel. Plans call for bolt systemsinstalled in future bolt patterns to be equal to
or exceed the bearing characteristics of the mechanically anchored bolts used in the primary pattern in
Panel 1.

The justification for choosing these systems includes their demonstrated ability to support the expected
loads. Inthe case of yielding systems, they will be chosen based on their support capabilities and the
ability to accommodate expected rock deformation.

Primary support will consist of Grade 75 steel mechanically-anchored bolts of at least 5/8 in (1.6 cm)
diameter. Depending on the need, the bolts may be as short as 24 in (61 cm) and aslong as 72 in
(183 cm). Mesh may be chain-link, welded wire, or polymer.

Pattern bolting will be designed using the best support technology available at the time. Because
yielding systems are still under evaluation, current plans call for use of Grade 60 threaded bars of at |east
7/8 in (2.2 cm) diameter installed on amaximum 5 ft by 5 ft (1.5 m by 1.5 m) pattern in the center half of
the room. The bars would be resin-anchored above the first clay/anhydrite interface. Four or 6 ft (1.2 or
1.8 m) long mechanical bolts would be used near the ribs.

Materials procured for installation as primary support, spot bolting, and pattern support will meet the
requirements of 30 CFR 57, Subpart B.* This requirement will be verified as part of the quality
assurance program. Primary support installation requires quality control by the installation crews.
Proper installation is confirmed as part of the audit function of the underground safety and Quality
Assurance groups. Quality control and assurance is more rigorous during a pattern bolting sequence.
Work instructions for the sequence will require Quality Assurance to perform at least one random
inspection to verify that material requirements and hole construction specifications are met.

Operations (construction) supervisors will also be responsible for monitoring the construction. Finally,
before turnover or completion of the installation, Quality Assurance will review the work, and certify
their approval. Independently, MSHA inspectors also perform a Quality Assurance function during their
frequent inspection visits to the WIPP, making certain that support construction is performed in
accordance with 30 CFR 57, Subpart B.*

Supplementary Support Systems

Similar to the plan for pattern bolting, any supplementary system will be designed using the best support
technology available at the time. Should a supplementary support system be required, it is anticipated
that, if not already in place, mesh will be installed over the primary and pattern support. The mesh will
be augmented either by cables (wire ropes) anchored near the ribs and suspended across the rooms or by
steel mats. The cables or mats and, therefore, the mesh will be further pinned to the roof by bolting. The
use of either the cables or mats in conjunction with meshing and re-bolting should be adequate in
supporting even a highly fractured roof beam.
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Support System Performance

Severa distinct ground-support systems are installed in Panel 1. They can be generally grouped asrigid,
non-yielding systems and yielding systems. Rigid, non-yielding systems are not designed to
accommodate salt creep. However, they do respond to creep and continue to provide support during
ductile behavior. Based on experience with Panel 1, if Panels 2-8 are excavated and each are filled
within five to seven years, these non-yielding systems should provide the necessary support. If pattern
bolting is performed just prior to waste emplacement in each room or area, experience at the WIPP has
shown that these rigid systems can certainly accommodate the salt creep that will occur during the one to
two years of emplacement.

The ground support system installed in Room 1, Panel 1 isayielding system only aslong as access can
be maintained. Thisis because of the necessity to manually reduce the tension of the bolts. If the
detensioning process is stopped, the system becomes arigid, non-yielding system and will undergo the
same ductile behavior as other rigid systems.

Other yielding systems are installed in the WIPP underground and each is being evaluated. Each of these
systemsis designed to yield at predetermined loads. All are designed to work over their prescribed yield
interval without maintenance. Some of the systems are designed to respond to the loading by salt creep
and provide over one ft of yield without system degradation. A detailed evaluation of the adequacy of
these systems is not possible at this time.

Theinitial roof support system, consisting of mechanical anchor bolts, wasinstalled in 1988. The
ground control design was developed based on information obtained from the SPDV rooms. Panel 1
rooms were pattern bolted with 10 ft (3.05 m) long, 3/4 in (19 mm) diameter, mechanical anchor bolts on
a3.0ft (0.9 m) by 3.9 ft (1.2 m) center spacing through the middle third of each room. The outer third
along each rib uses the same roof bolt but on a 3.9 ft (1.2 m) by 6 ft (1.8 m) center spacing pattern.

The origina design for the waste disposal rooms at the WIPP provides alimited period of time during
which to mine the openings and to emplace wastes. Each panel, consisting of seven disposal rooms, is
scheduled to be mined and filled in less than five years, at which time it would be closed. Field studies,
part of the SPDV Program, showed that unsupported openings of atypical disposal room configuration
would remain stable, and that creep closure would not impact equipment clearances during at least afive
year period following excavation. Theinformation from these studies verified that the design of
openings for the permanent disposal of wastes under routine operations was acceptable.

Panel 1 was developed to receive waste for a demonstration phase that was scheduled to start in October
1988. Theoriginal plan consisted of the storage of drums of CH TRU waste in panel rooms for a period
of 5years. During thistime and immediately following it, the rooms were to be inaccessible, but the
option to reenter was to be maintained so that waste could be removed, if required. The demonstration
phase was |ater deferred, and an experimental program was added in Room 1, Panel 1. Thisled to more
stringent requirements for roof stability.
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To ensure the roof stability for the revised tests and durations, a supplemental roof support system was
designed. The Supplemental Roof Support System is designed to contain and support the weight of a
detaching salt wedge of the immediate roof, if one beginsto form, while allowing it to be deformed by
creep behavior. The system is not designed to prevent the creep of salt into the room. The Supplemental
Roof Support System consists of 26 steel channel support sets, installed laterally across the room on
approximately 10 ft (3.05 m) centers. Each channel support set is carried by 11 resin anchored roof bolts.
The bolts are anchored over the interval between 8.5 and 11.5 ft (2.6 and 3.5 m) into the roof, which is
above the expected failure surface. The roof area between the channel setsis covered by a network of
steel wire lacing cables, which hold amat of steel wire mesh and expanded metal against the rock salt
surface.

The design of this system was subjected to exhaustive scrutiny by two formal Design Review Panels.
The first review was conducted by qualified project personnel from the Westinghouse Waste I solation
Division (WID) Engineering, Operations, Quality Assurance, and Safety groups with the participation of
SNL. A second formal review was conducted by a panel of rock mechanics experts not associated with
the WIPP project. This Expert Review Panel consisted of representatives from the mining industry, U.S.
Bureau of Mines, Mine Safety and Health Administration (MSHA), academia, and independent
consultants. These Desigh Review Panels approved the design based on evaluation of design documents,
on-site observations at the WIPP underground facility, and detailed discussions with members of the
design team.

The support system is adjusted (Room 1, Panel 1 only) to ensure that the loads on the anchors do not
exceed the working loads specified by the design. Support system monitoring results are used to
determine when load adjustments (or other maintenance) are required. When the load on the bolt
approaches 20,000 Ibs (9070 kg), the bolts are adjusted to about 5000 |bs (2268 kg). Modifications were
made to the support system to improve the reading accuracy of the monitoring system. This provided a
better interaction between the rock and the support system.

A monitoring program for Room 1, Panel 1 has been in place sinceinitia excavation of the room. Room
stability has been assessed from monitoring of room closure, rock deformations in and around the room,
and fracture development and separation. The deformation data collected by the monitoring systemis
then compared against previously acquired data to identify deviations from expected performance. This
program has provided a great deal of information on support system performance, room and rock mass
behavior, and ground control techniques and materials.

4.3.9.5 Geotechnical Monitoring

Geotechnical data on the performance of the repository shafts and excavated areas are collected as part of
the geotechnical field-monitoring program. The results of the geotechnical investigations are reported
annually. The report describes monitoring programs and geotechnical data collected during the previous
year.

| nstrumentation, Monitoring, and Evaluation

The WIPP geotechnical programs are conducted in accordance with written procedures, and provide in-
situ data to support continuing assessments of the designs for the shafts and underground facilities. The
safety of the underground excavationsis, and will continue to be evaluated on the basis of criteria
established from actual measurements of room behavior. These criteria are regularly evaluated and
modified as more field data are collected, and additional experience is gained with the performance of the
WIPP underground excavations.
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Geotechnical monitoring programs provide measurement of rock mass performance for design validation,
routine evaluation of the safety and stability of the excavations, and the short-term and

long-term behavior of underground openings. The minimum instrumentation for Panels 2 through 8 is
one borehole extensometer installed in the roof at the center of each disposal room. The roof
extensometers will monitor the dilation of the immediate salt roof beam and possible bed separations
along clay seams. Additional instrumentation may be installed as conditions warrant.

Geotechnical Engineering evaluates the performance of the excavation. These evaluations will provide
an assessment of the effectiveness of the roof support system and an estimate of the stand-up time of the
excavation. If thetrend istoward adverse (unstable) conditions, the results of these assessments are
reported to the Operations Manager to determine if it is necessary to terminate waste disposal activitiesin
the open panel.

Data collection, analyses, and evaluation criteria ensure that geotechnical monitoring results provide
timely indications of changes in measured room closure rates over time, and when those measured room
closure rates exceed projected values. Closure rates are compared to projected values based on statistical
evaluations of closure data that are updated annually. Areas with observed rates which significantly vary
from projected values are monitored more closely to determine the cause of the variance. If the cause
cannot be related to operational considerations, such as mining activity, then additional field
investigation is undertaken to characterize the conditions. Should the field data indicate that ground
conditions are deteriorating, corrective actions are taken as required.

Geologic investigations provide ongoing data collection on the geotechnical performance of the
underground facility, and include geologic and fracture mapping, seismic monitoring, and special
activities performed as-needed. Further assessments of the geotechnical performance of the excavations
are made using borehol e inspections to detect displacements, fractures, and separations occurring within
the strataimmediately surrounding the excavations. The results of geologic investigations provide
continued confidence in the performance and geology of the site with respect to site characterization.

All data obtained are maintained for data reduction, tabulation, analysis, and archiving. The annual
Geotechnical Analysis Report provides the principal documentation of data, describes the techniques
used for data acquisition, and summarizes the performance history of the instruments. The report also
details the geotechnical performance of the various underground facilities including shafts, and provides
an evaluation of the geotechnical aspects of performance in the context of the relevant design criteria
developed during the SPDV phase. The Geotechnical Analysis Report is reviewed by the DOE and its
contractors for technical accuracy. These reports have been regularly prepared, audited for quality
assurance, and made publicly available since 1983.

The assessment and evaluation of the condition of WIPP excavationsis an interactive, continuous process
using the data from the monitoring programs. Criteriafor corrective actions are continually reeval uated
and reassessed based on total performance to date. Actions taken are based on these analyses and
planned utilization of the excavation. Because WIPP excavations are in a natural geologic medium, there
isinherent variability from point to point. The principle adopted isto anticipate potential ground control
requirements and implement them in atimely manner rather than to wait until aneed arises.
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Figure 4.3-3  72B RH TRU Road Cask on Trailer
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Figure 4.3-4 RH TRU Waste Handling Facility Cask Unloading from Cage
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Information Purposes only.
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Figure 4.3-5  Waste Emplacement Equipment
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4.4 Confinement Systems

The WIPP facility confinement system consists of static and dynamic barriers designed to meet the
following requirements of DOE Order 6430.1A," Section 1300-7:

® Minimize the spread of radioactive and other hazardous materials within the unoccupied process
areas.

® Prevent, if possible, or minimize the spread of radioactive and other hazardous materials to occupied
areas.

® Minimize the release of radioactive and other hazardous materialsin facility effluents during normal
operation and anticipated operational occurrences.

® Limit the release of radioactive and other hazardous materials resulting from Design Basis Accidents
(DBAS) including severe natural phenomena and man-made events in compliance with the guidelines
contained in DOE Order 6430.1A," Section 1300-1.4.2, Accidental Releases.

In addition to the above requirements, the WIPP is designed to meet the specific confinement
requirements of DOE Order 6430.1A," Section 1324-6 and Section 1300-1.4.

Static barriers are structures that confine contamination by their physical presence, while dynamic
barriers control the flow of contamination in the air. For the WIPP, static barriers consist of waste
containers, building structures, geological strata, and HEPA filtration systems; dynamic barriers consist
of the surface and subsurface ventilation systems that maintain pressure differentials ensuring airflow is
from areas of lower to higher contamination potential.

For the WIPP, the primary confinement is the static barrier consisting of the waste containers, and the
secondary confinement consists of those SSCs designed to remain functional (following DBAS) to the
extent that the guidelines in DOE Order 6430.1A," Section 1300-1.4.2, Accidental Releases, are met.

Consistent with DOE Order 6430.1A," Section 1324-6, tertiary confinement is not required for the WIPP
during disposal operations.

Confinement system design within DOE Order 6430.1A," requirements meets the requirements of DOE
0 420.1, Facility Safety.?

4.4.1 Waste Handling Building

Static and dynamic barriers are incorporated into the design of the WHB confinement system, and the
primary confinement is the canister holding the waste.

The secondary confinement consists of the SSCs that house the primary confinement, including the
shielded road cask, the shipping canister when loaded with 55-gallon drums, the rooms, the building
walls, and the ventilation system, which maintains a static pressure differential between the primary
confinement barriers and the environment. To assist the ventilation system, "air locks" are provided
between separate areas where pressure differentials are necessary. The WHB HEPA filtration system
connects with the ventilation systems and provides the final barrier for airborne particul ates.
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4.4.2 Underground

The primary confinement system for the underground is the canister being disposed in the underground.
The secondary confinement consists of the natural barrier formed by the salt in the underground disposal
areas and the underground bulkheads, which separate the disposal and mining areas. The underground
ventilation system has provisions for exhausting to the exhaust filtration system, when in use, to mitigate
any accidental releases of contaminated airborne particul ates.

4.4.3 Ventilation Systems

The WIPP facility air handling systems are designed to provide a suitable environment for personnel and
equipment during plant operations, and to provide contamination control for operational occurrences and
postulated waste handling accidents. Certain components of the air handling systems are also used for
functions related to space cooling and removal of heat. The WIPP facility air handling systems serve
three major plant areas: the surface facilities, the surface support facilities, and the subsurface facilities.
The air handling systems are designed to meet the emissions limitations in DOE Order 5400.5° using the
following general guidelines:

® Transfer and leakage air flow isfrom areas of lower to areas of higher potential for contamination.

® Inbuilding areasthat have a potential for contamination, a negative pressure is maintained to
minimize the spread of contaminants.

® Consideration is given to the temporary disruption of normal air flow patterns due to scheduled and
unscheduled maintenance operations by providing dual trains of supply and exhaust equipment. Air
handling systems are provided with features to reestablish designed airflow patternsin the event of a
temporary disruption. Generally, ductsthat carry potentially contaminated air are routed away from
occupied areas. In addition, potentially contaminated ducts are welded to the maximum extent
practical to reduce system leakage.

Thefiltration system consists of pre-filters and HEPA filters sized in accordance with design air flows
utilizing the manufacturer’ s rating standards for maximum efficiency.

HV AC components are sized so that some components can be taken out of service for maintenance,
allowing the system to continue operation. The schematic flow diagrams of the ventilation systems are
shown in Figures 4.4-1athrough 4.4-5.

4.4.3.1 Surface Ventilation Systemsin Controlled Areas

There are independent ventilation systems for each of the following areas:

® Waste shaft hoist maintenance room
® CH waste handling area

e Hot Cdl

® RH waste handling area

® \WHB mechanical equipment room
® Waste handling shaft hoist tower
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e EFB

The waste shaft hoist maintenance room is outside the CA and the ventilation system that servesthis area
is not expected to contain radioactivity. The ventilation systems for the WHB and EFB are "once
through” systems designed to provide confinement barriers with the capability to limit the extent of
releases of airborne radioactive contaminants. The ventilation systems are also designed to provide the
necessary heating, ventilating, and air conditioning for personnel comfort and to remove hest.

The WHB ventilation system continuously filters the exhaust air from waste handling areas to reduce the
potential for release of radioactive effluents to the environment. Some of air from the waste handling
areas can flow down the waste shaft.

The design provides for differentials to be maintained between building interior zones and the outside
environment, maintaining control of potentially contaminated air. The pressure differentials between
different interior potential for contamination areas are based on the design contamination zone
designations with respect to function and permitted occupancy. ERDA 76-21° is used as aguidein
establishing zone differential pressures.

The ventilation systems supply 100 percent outside air conditioned to provide a suitable environment for
equipment and personnel. Design air quantities limit the spread of airborne radioactive contaminants and
maintain design temperatures.

The design provides for "air locks" in the following circumstances:
® At entrances to potentially contaminated areas to maintain a static barrier

® Between areas of large pressure differences to provide a pressure transition and to eliminate high
air velocity, dust entrainment, and eddy currents

® Between areas where pressure differentials must be maintained

® To minimize air movement from the WHB to the waste shaft

The ventilation systems are designed to provide adequate instrumentation monitoring the operating
parameters. The following parameters are monitored:

®  Pressure drop across each prefilter and HEPA filter bank
® Air flow rates at selected points, e.g. downstream of the HEPA filters (Station C)

® Pressuredifferentials surrounding areas of high potential for contamination levels

Fresh air supply intakes are located away from the exhaust vent to minimize the potential for the intake
and re-circulation of exhaust.

The operation of the supply and exhaust fansis controlled by electrical motor interlocks to maintain the

designed air flow patterns and sufficient air leakage into the building. The exhaust fans and controls are
capable of being supplied by backup power in the event that normal power isinterrupted.
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4.4.3.1.1 RH TRU Waste Handling Area

The CH and RH TRU waste handling areas are served by separate, independent ventilation systems,
shown on schematic flow diagrams, Figures 4.4-1athrough 4.4-3. Both supply systems are Design Class
[11B, and the exhaust systems are Design Class 11 A, with the exception of HEPA filter units and
associated isolation dampers, which are Design Class 1.

Fan operating status, filter bank pressure drops, and static pressure differentials are monitored in the
Central Monitoring Room (CMR). Excessive HEPA filter pressure drops alarm in the CMR.

The Station C radiation fixed air sampling system has provisions for monitoring the effluent air
discharged from the exhaust vent.

In the RH TRU waste handling area, particular design consideration is given to inhibit the potential for
spreading airborne radioactive particles from the Transfer Cell and the Hot Cell. The main air supply to
the CUR, Transfer Cell and Facility Cask Loading Room is from the RH Bay. Additional ventilation air
enters the Transfer Cell when the CUR or the Facility Cask Loading Room shield valves are open.
Sufficient exhaust capacity is provided to maintain the design pressure differential between the Transfer
Cell and the adjoining rooms or to maintain at least 125 linear ft/min (0.635 m/s) inward flow through
the maximum credible breach, minimizing the potential for contaminantsto escape. The exhaust air from
the Transfer Cell joins the RH Bay exhaust. The supply air to the Hot Cell is drawn by the Hot Cell
exhaust fan from the RH Bay into the Hot Cell. The duct that carriesthe air to the Hot Cell has a damper
arrangement that allows air to flow directly from the RH Bay or through an air handling unit (AHU) with
achilled water cooling coil. The AHU fan is necessary to overcome the additional air pressure drop
caused by the cooling coil. The AHU fan, chilled water coil, and damper realignment are controlled by
atemperature sensor located in the Hot Cell exhaust Duct. The static pressurein the Hot Cell is
maintained by control of the Hot Cell exhaust fans. Air flow from the Hot Cell is by either of two
exhaust fans drawing air through two of three HEPA filter units. Additionally, when the Hot Cell shield
valveisopen, air will enter the Hot Cell from the Transfer Cell.

The waste shaft is separated from the RH waste handling area by a door that opens into the Facility Cask
Loading Room. The door, which isnormally closed, minimizes the air movement between the RH waste
handling areas and the shaft.

Major Components and Operating Char acteristics - The ventilation supply and exhaust systems for
each building subsystem supply air to the rooms of the areas served. Each supply air handling unit
consists of filters, cooling coils, heating elements, fans with associated duct work, and controls to
condition the supply air maintaining the designed temperature during winter and summer. Exhaust air is
filtered and monitored by the radiation monitoring system.

In the event of atornado, tornado dampers will automatically close to prevent the outward rush of air
caused by arapid drop in atmospheric pressure. Damper closure mitigates the destruction of HEPA
filters and ducts by preventing a high-pressure differential from affecting the filters.

Safety Considerations and Controls - The exhaust system remains functional to the extent that

confinement and differential pressures are maintained, exhaust air isfiltered, and during a tornado
excessive flow that could cause duct damage is prevented by automatic tornado dampers.
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In case of an off-site power failure, the capability exists to selectively switch one exhaust fan to the
backup power system in order to continue to exhaust air in the designed flow pattern. Backup power is
applied to exhaust fans in accordance with the WIPP procedure WP 04-ED 1342, Surface Backup Power
Distribution®.

The supply and exhaust fans are designed and interlocked to maintain the RH Waste Handling Area,
except the RH Bay, at sub-atmospheric pressure and maintain the design airflow requirements. During
normal operation, if an operating exhaust fan fails, the corresponding supply fan is stopped in order to
prevent positive building pressure. If a corresponding supply fan fails, the exhaust fan also stops but may
be operated in manual mode to insure sub-atmospheric pressure conditions within the RH waste handling
path. Both trains of RH supply and exhaust fans must operate in order to maintain room differential
pressure set pointsin the RH portion of the WHB.

Sufficient remote instrumentation is provided enabling the operator to monitor equipment from the CMR.
The monitored parameters include fan operating status, filter bank pressure drop, and static pressure
differential in areas of the Transfer Cell, the Hot Cell and the cask preparation station. The CMR also
receives alarm signals for main exhaust fan failure, main exhaust fan low flow and from the CAMs
monitoring RH exhaust. The CAMs have alarmsfor excessive radiation levels (Hi and Hi-Hi Alphaand
Beta/Gamma alarms) and low flow.

Filter differential pressure isdisplayed inthe CMR. An alarm for a pressure drop indicating filter
replacement is needed actuates at a predetermined level across the HEPA filters.

Instruments and system components are accessible for, and will be subject to, periodic testing and
ingpection during normal plant operation.

For those HEPA filters which are on-line continuously in the WHB, the CM S monitors prefilter pressure
differential (D/P) and HEPA D/P ensuring satisfactory system operation. The EFB HEPA filters are
normally off-line, and not subject to dust buildup during normal operation. All nuclear grade HEPA
filters are tested for conformance with ANSI N510,° and have a combined 99.95 percent removal
efficiency per stage.

4.4.3.1.2 Mechanical Equipment Room

The mechanical equipment room is maintained at a pressure slightly below atmospheric to minimize
leakage of room air, which may contain airborne radioactive contaminants. Negative pressureis
maintained by the same exhaust fan systems that exhaust air from the CH TRU and RH TRU waste
handling areas. This equipment room is maintained within design temperature limits for equipment and
personnel.

4.4.3.1.3 Waste Handling Shaft Hoist Tower

The ventilation system provides filtration of supply air, unit heaters to prevent equipment from freezing,
and a unit cooler to provide supplementary cooling of equipment in summer. Exhaust airflow is down
through the tower and into the waste shaft, where it combines with incoming air from the waste shaft
auxiliary air intake tunnel (Figure 4.4-3).

A pressurization system serves the air lock to the crane maintenance room at 142 ft-1 in (43.3 m)

elevation and pressurizesthe air lock preventing the release of potentially contaminated air from the
crane maintenance room to the 142 ft-1 in (43.3 m) elevation access corridor.
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4.4.3.1.4 Exhaust Filter Building

A schematic flow diagram of the EFB ventilation system is shown in Figure 4.4-4. This building
supports the operation of the underground ventilation system and contains the underground ventilation
system pre-filters and HEPA filters.

The function of the ventilation system in the EFB, major components, operating characteristics, safety
considerations, and controls, are similar to the TRU waste handling areas in the WHB.

Each supply air handling unit in the EFB consists of prefilters, an electric heating coil, and afan to
condition the air, as required to maintain the design temperature.

The EFB ventilation system exhausts air from all potentially contaminated areas of the building through
two filter housings, each containing a bank of prefilters and two stages of HEPA filters, and two exhaust
fans before discharging to the atmosphere. The building’s exhaust air is discharged to the underground
exhaust duct so that it can be monitored for airborne radioactive contaminants.

4.4.3.2 Surface Support Structures Ventilation System

The following surface support facilities are served by separate heating, ventilation, and air-conditioning
systems:

® The Support Building

® Main Warehouse/Shops Building

® Water Pump House

® Guard and Security Building

® Maintenance Shop

® Compressor Building (exhaust fans only)
® Safety and Emergency Services Building

® Engineering Building

Training Building

The design of the surface support facilities HVAC systems provides for:

® Regulating temperature for the comfort of personnel and satisfactory operation of equipment

® Filtering the air supply for personnel

® Maintaining building spaces at slightly positive pressures with respect to the outside, except
radioactive materials areas, where negative pressures shall be maintained relative to the outside and
to adjacent accessible non-radioactive building spaces

® Confining ventilation air to designed airflow paths for discharge to the atmosphere
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® Minimizing the possibility of exhaust air re-circulation by an adequate distance between fresh air
supply intakes and exhaust air outlets

The design of the ventilation system for the CMR requires functions to be performed with respect to
environmental control for personnel and equipment following a postul ated accident, such as afire or
radioactivity release. The CMR system is manually switched to the backup power supply to ensure
operation monitoring, and control of the HVAC systemsiif the normal power supply islost.

In addition, the independent CMR HVAC system provides for:
® 100 percent equipment redundancy (except duct work)
® Make-up air being processed through HEPA filtersin the event of a airborne high radioactivity signal

® Static pressure controls to regulate the amount of outside air that may be drawn into the system
through the HEPA filters beforeit is supplied to the CMR permitting occupancy.

Safety Considerations and Controls - The HVAC systems for these surface support facilities, with the
exception of the CMR, are not required to perform functions that are essential to safety. Fan motor
interlocks, dampers, temperature indicators, filter pressure differential alarms, and other required
instrumentation and controls are provided.

CMR

The Support Building CMR area HV AC system serves the computer room, CMR and associated
vestibule, vault, office, and storage room. Equipment redundancy is provided for the following: supply
air handler, air cooled condensing unit, and exhaust fan.

The HVAC system provides a suitable environment for continual personnel occupancy, and equipment
integrity under normal and emergency conditions and maintain aslightly positive pressure in the CMR.
Air passes through at |east a two-stage filtration system before it enters the above listed areas.

Major Components and Operating Char acteristics - Maor components of this HVAC system consist
of supply air handling units (containing fans, direct expansion cooling coils, and filters), air cooled
condensing units, duct heaters, exhaust-return fans, booster fans, HEPA filter units, dampers,
instrumentation, and controls.

The schematic airflow diagram for the CMR area HVAC system is shown in Figure 4.4-5. The CMR
areais served by two 100 percent capacity air-conditioning units. Onein service and one in standby
status. The standby unit will automatically start in the event the operating unit fails.

Under normal operating conditions (re-circulation mode), outside makeup air and return air are filtered by
atwo-stage air filter system. The first stage of filtration consists of nomina 2 in (5 cm) thick low
efficiency filters and the second stage consists of high efficiency filtersrated at 85 percent efficiency
(atmospheric dust) by ASHRAE Standard 52-76.” After the second stage of filtration, the air supply
temperatures are thermostatically controlled, as necessary to maintain designed temperatures. The
filtered and conditioned air supply is distributed to the various rooms within the CMR area by means of
duct work and air outlets.
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Safety Considerations and Controals - The main function of the HVAC system isto provide a suitable
environment enabling the CMR areato be occupied under normal and emergency operating conditions
including the prevention of airborne radioactive contaminants entering the supply systems.

A backup air conditioning system (air handler, air cooled condensing unit, and exhaust fan) is available
to automatically start in the event an operating component fails. The supply and exhaust air handling
systems are capable of being manually connected to the backup power system for operation during aloss
of off-site power.

L ocally-mounted instruments are provided for monitoring the HV AC system and filter, pressure drop is
monitored and alarmed, locally and in the CMR.

The supply and return exhaust fans are electrically interlocked, to maintain the designed airflow pattern,
and the entire HVAC system is interlocked with the fire protection system.

4.4.3.3 Subsurface Facilities Ventilation System

The subsurface ventilation system serves all underground facilities and provides confinement of
radioactivity, acceptable working conditions, and alife-sustaining environment during normal operational
occurrences and postul ated waste handling accidents. Operation of diesel equipment in the underground
repository is limited to the available airflow in the area.

Subsurface ventilation is divided into four independent flow paths on the disposal horizon supporting the
waste disposal area, the mining area, north area, and the waste shaft and waste shaft station area. The
waste disposal, and mining and underground shop areas receive their air supply from common sources
(see Figure 4.4-6) (the A1S and the SH shaft) and are independent of each other after theinitial
distribution/split is made. The waste shaft station receivesits air supply from the waste shaft and is kept
completely isolated from the other three. All four air circuits combine near the exhaust shaft, which acts
as the common discharge from the system.

All bulkheads and ventilation controllers used to maintain the integrity of the underground ventilation
circuits are made of fire resistant material, and can support the maximum pressure differential that could
occur under normal operating conditions. These structures are designed, installed, and maintained in
such amanner that they can accommodate the ground deformation (salt creep) occurring in the
underground.

One of threefiltration surface exhaust fans is capable of being connected to the backup power supply
(one at atime) in the event that normal power islost. Changeover to backup power is manual. The
ventilation system is instrumented to provide for verification of proper system function.

The design and operation of the underground ventilation system meets or exceeds the criteria specified by
30 CFR 572 and the New Mexico Mine Safety Code for All Mines.® The underground mine ventilation
is designed to supply sufficient quantities of air to al areas of the repository. During normal operating
mode (simultaneous mining and waste emplacement operations), approximately 140,000 ft* (3,962 m®)
per min can be supplied to the panel area. This quantity of air is required to support the numbers and
types of diesel equipment that are expected to be in operation in the area, to support the underground
personnel working in that area, and to exceed a minimum air velocity of 60 ft (18 m) per min, as
specified in the WIPP Ventilation Plan.
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Approximately 35,000 ft* (990 m®) per minute will be required in each of three active rooms during
operations. This quantity of air is required to support the numbers and types of diesel equipment that are
expected to be in operation in the area, to support the underground personnel working in that area, and to
exceed aminimum air velocity of 60 ft (18 m) per minute, as specified in the WIPP Ventilation Plan.
The remaining rooms in a panel will either be completely filled with waste; be idle, awaiting waste
handling operations; or being prepared for waste receipt. The remainder of the air is needed in order to
account for air leakage through inactive rooms and support facilities.

Air will be routed into a panel from the intake side. Air is routed through the individual rooms within a
panel using underground bulkheads and air regulators. Bulkheads are constructed by erecting framing of
rectangular steel tubing and screwing galvanized sheet metal to the framing. Figure 4.4-8 shows atypical
bulkhead with an airflow regulator installed. In order to accommodate salt creep, bulkheads use
telescoping extensions that are attached to the roof. Bulkheads use either a sheet metal or rubber flashing
attached to the salt to provide an effective seal. Flow is also controlled using brattice cloth barricades.
These consist of chainlink or other suitable materials fence that is bolted to the salt and covered with
brattice cloth; and are used in instances where the only flow control requirement isto block the air
temporarily. Ventilation will be maintained only in active rooms within apanel. After al roomswithin
apanel arefilled, the panel will be closed using a closure system described in Section 4.2.3.4.

Once adisposal room isfilled and is no longer needed for emplacement activities, it will be barricaded
against entry and isolated from the mine ventilation system by constructing chain link/brattice cloth
barricades at each end. A brattice cloth air barricade is shown in Figure 4.4-9. Thereis no regquirement
for air for these rooms since personnel and/or equipment will not be in these areas.

The ventilation path for the waste disposal side is separated from the mining side by means of air locks,
bulkheads, and salt pillars. A pressure differentia is maintained between the mining side and the waste
disposal side to ensure that any leakage is towards the disposal side. The pressure differentia is
produced by the surface fans in conjunction with the underground air regulators. Pressure differentials
across these bulkheads between the mining and disposal sides (located nearer to the disposal panel) are
monitored from the CMR.

The exhaust air is discharged through the exhaust shaft, by the exhaust system, under the following
modes of operation:

Normal Mode During normal operation, four different levels of Normal Mode ventilation can be
established to provide four different air flow quantities as follows

® Normal Ventilation: Two main exhaust fans operating to provide 425,000 scfm (224 m/s)
unfiltered.

® Reduced Ventilation: Two filtration fans operating as ventilation fans to provide 60,000 scfm
(28.3 m*/s) each unfiltered.

® Minimum Ventilation: One filtration fan operating as a ventilation fan to provide 60,000 scfm
(28.3 m%/s) unfiltered.

® Maintenance Ventilation: Simultaneous operation of one or two main ventilation fans with one
or two of thefiltration fans in support of flow calibration and maintenance activities.
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Filtration Mode - This mode mitigates the consequences of awaste handling accident by providing a
HEPA filtered air exhaust path from the waste disposal areas and also reducing the air flow. Manual
activation isrequired if the CMR is notified of an underground occurrence involving the waste
packages. This mode may also be activated automatically by the Radiation Monitoring System
active waste disposal room exit alpha CAM.

The ventilation system is designed as an exhausting system that maintains the working environment
below atmospheric pressure. Schematic diagrams of the underground ventilation system are presented in
Figures 4.4-6 and 4.4-7. All underground flows join at the bottom of the Exhaust Shaft before discharge
to the atmosphere.

Ouitside air will be supplied to the mining areas, and the waste disposal areas and the North U/G Shop
areathrough the Air Intake Shaft, the Salt Handling Shaft, and access entries. A relatively small quantity
of outside air will flow down the Waste Shaft to ventilate the Waste Shaft station. The ventilation
system is designed to operate with the Air Intake Shaft as the primary source of fresh air. In Normal
Ventilation Mode, sufficient air will be available to simultaneously conduct all underground operations
(e.g., waste handling, mining, and support).

If the nominal flow of 425,000 scfm (224 m¥/s) is not available, underground operations may proceed,
but the number of activities that can be performed in parallel may be limited depending on the quantity of
air available. Ventilation may also be achieved by operating one main fan (Alternate Ventilation Mode),
or either one or two of the filtration fans (Minimum and Reduced modes respectively). To accomplish
this, the isolation dampers will be opened, which will permit air to flow from the main exhaust duct to
the filter outlet plenum. The filtration fans may also be operated to bypass the HEPA plenum. The
isolation dampers of the filtration exhaust fan(s) to be employed will be opened, and the selected fan(s)
will be switched on. In this mode, underground operations will be limited.

Shift from normal flow to Filtration mode has been tested and it was demonstrated that a reverse pressure
pulse was generated upon closure of the main exhaust fan inlet dampers. This reverse pressure pulse
resultsin reverse flow temporarily in select portions of the underground system. Testing has further
demonstrated that the reverse pressure/flow phenomenais greatly lessened if main fan coast down is
allowed for a period of time prior to isolation. Modifications have been made that cause the main fan
isolation dampers to close slowly, when the main exhaust fans are shut down, to minimize any pressure
pulse back through the system.

In the filtration mode, the exhaust air will pass through two identical filter assemblies, with only one of
the three EFB filtration fans operating (all other fans are stopped). This system provides a means for
removing the airborne particul ates that may contain radioactive and hazardous waste contaminants in the
reduced exhaust flow before the air is discharged through the exhaust stack to the atmosphere. The
filtration mode is activated either manually or automatically if the radiation monitoring system detects
abnormally high concentrations of airborne radioactive particulates. Shifting of the exhaust system to the
filtration mode can be accomplished manually, either locally at the Exhaust Filtration Building, or by the
CMR operator. A Hi-Hi alarm condition from a Radiation Monitoring System active waste disposal
room CAM will cause an automatic shift of the mine exhaust air from unfiltered to filtered mode, System
Design Description SDD-RM00."° The reduced exhaust flow is diverted to the HEPA filters by isolation
and diversion dampers on the exhaust fans and duct work preventing unfiltered flow escaping to the
atmosphere. Thefiltration mode is not initiated by the release of gases such asVOCs.

Provisions are included for detecting airborne radioactive contaminants in the waste disposal areas, in the
waste shaft and station, and in the discharge to the surface exhaust vent.
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Major Components and Operating Characteristics - The ventilation system consists of six centrifugal
exhaust fans (three in the normal flow path and three in the filtration flow path), two identical HEPA
filter assemblies arranged in parallel, isolation and back draft dampers, filter bypass arrangement, and
associated duct work. Operation of the underground ventilation system is detailed in the WIPP procedure
WP 04-VU1608.*

The six fans are divided into two groups. One group consists of three fans, which are used during normal
operation to provide an underground flow of 425,000 scfm (224 m%s), and are located near the exhaust
shaft. One main fan can be operated to provide 260,000 scfm (123 m*¥/s). The remaining three fans,
rated at 60,000 scfm (28.3 m?/s) each, are located at the EFB and are capable of being used during the
filtered mode of operation. This mode of operation requires the use of only one of the three fans at any
given time with all other fans stopped and isolated. Two of the three filter mode fans can also be
operated (with the HEPA system bypassed) to provide other underground ventilation requirements, when
needed.

Each filter assembly consists of two banks of prefilters and two banks of HEPA filters arranged in series;
and, each assembly will handle 50 percent of the filtered mode airflow (30,000 cfm each [849.5 m%m] ).

Any one of the three EFB fansis capable of delivering 100 percent of the design 60,000 scfm flow rate
with all filters at their maximum pressure drop. Fan failure is monitored by aflow sensing device on the
fan’s discharge side, and darmsin the CMR.

Safety Considerations and Contrals - The operating status of the exhaust fans and the airborne
contamination level of the effluent discharged are displayed in the CMR. Provides ameansto switch to
filtration.

An alarm for excessive pressure drop across the filters is actuated at a predetermined level. Filter
differential pressureisdisplayed locally and in the CMR.

Instruments and system components are accessible for periodic testing and inspection during normal
plant operation. Under normal operating conditions, the ventilation system functions continuously.

4.4.3.3.1 Natural Ventilation Pressure

The air flow in the underground is normally driven by the negative pressure induced by the exhaust fans.
There can be a second pressure resulting from the difference in density between the air entering and
leaving the repository which can influence airflow. This phenomenon is called the natural ventilation
pressure (NVP). It isexperienced on days when outside temperatures are either very hot or very cold.

4.4.3.3.2 Hot Weather NVP

During hot weather, the air going down to the underground is warmer and less dense (lighter) than the air
returning from the underground. Thislighter air has a natural tendency to resist being drawn down into
the repository (hot air rises). Hence in hot weather there is a (negative) NV P which opposes the fan
pressure. This reduces the flow down the Al1S and SH shaft. It also reduces the differential pressures
between the waste shaft station, waste disposal area, and the other areas. The air in the waste shaft will
be cooler than that in the AlIS and SH shaft, which further reduces the waste shaft station to W30
differential pressure. (See Figure 4.1-3 for U/G locations).
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Under ordinary operating conditions, the pressure in W30 is higher (less negative) than that in the waste
shaft station (S400). On very hot days (exceeding 100° F [37.8° C]) the reduction of this differential
pressure caused by the negative NV P can result in the pressure in S400 being higher than in W30.
Without corrective actions, thiswould allow airflow from the CA areainto a non-CA area.

4.4.3.3.3 Cold Weather NVP

During cold weather, the air going down to the underground is colder and denser (heavier) than the air
returning from the underground. This denser air has a natural tendency to sink down the AlS and SH
shaft (cold air sinks). In cold weather there is a positive NV P which augments the fan pressure. This
increases the airflow down the intake shafts, reduces the fan suction pressure (constant flow control) and
increases the differential pressure between the waste shaft station, waste disposal area, and the other
areas.

The WIPP mine ventilation system is designed for intake air to downcast in the AIS, SH shaft, and waste
shaft. The system pressure required to induce those down draftsis supplied by the surface fans. On
extreme cold weather days, a portion of the air entering the repository through the AlS and SH shaft may
be the result of a positive NVP. Thisair is entering the repository without the aid of the mechanical fans.
The fansin turn reduce their operating pressure because they are receiving a sufficient and constant
volume of air. Upcasting of the air in the waste shaft can occur if the situation is not corrected.

The air feeding the waste shaft comes primarily from the auxiliary air intake tunnel, partly from leakage
into the waste hoist tower, and partly from the WHB. The result is that the air feeding the waste shaft
tends to be warmer than the surface air feeding the AIS. The reduction in fan pressure, coupled with the
warmer air in the waste shaft is only under aternate, reduced, and minimum ventilation modes.

Administrative action is required to adjust the underground ventilation configuration to avoid reverse
flow in the waste shaft. There are several alternatives which can be performed concurrently to prevent or
correct this problem should it occur. They include:

® Start second main exhaust fan (normal ventilation).

® Open the regulator to the waste shaft station.

® Cover the AlS and/or the SH shaft on the surface.

® Closetheregulatorsto the mining, waste disposal and experimental areas.

A pressure chamber has been constructed on the west side of the waste shaft station to ensure that |eakage
from the CA side into the non-CA area does not occur. The pressure chamber is manually activated
whenever waste handling is occurring in the waste shaft and/or waste shaft station, and differential
pressure between S400 and W30 islow. The chamber is pressurized by six high pressure fans. The fans
are operated in various combinations to provide the airflow necessary to maintain the pressure buffer. As
a secondary backup system, pressure will be supplied by an actuated valve on a plant air pressurized line.
The valve will be controlled by a Foxboro controller to regulate the flow of air into the chamber and
maintain pressure differentials. The pressure inside the chamber is monitored to ensure that it is
sufficient to prevent airflow reversal even if the differential pressure from S400 to W30 (which isalso
monitored) isin the wrong direction or positive NVP is sufficient to cause waste shaft reversal.
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4.5 Safety Support Systems
4.5.1 FireProtection System

The WIPP fire protection system is designed to ensure personnel safety, mission continuity, and property
conservation. Building designs incorporate features for fire prevention (e.g., control and extinguishment)
Also, fire hazards are controlled throughout the WIPP. The plant design meets the "improved risk" level
of protection defined in DOE O 420.1" and satisfies the applicable sections of the National Fire
Protection Association codes, DOE Orders, and federal codes to the extent described in DOE/WIPP-
3217, WIPP Fire Hazard Analysis Report.?

To meet these objectives, the WIPP facility design incorporates the following features:

® Most buildings and their support structures are protected by fixed, automatic fire suppression systems
designed to the specific, individual hazards of each area.

® Noncombustible construction, fireproof masonry construction, and fire resistant materials are used
whenever possible.

® Fire separations are installed where required because of different occupancies per the Uniform
Building Code (UBC).

® |n buildings where compartmentalization is required, vertical openings are protected by enclosing
stairways, elevators, pipeways, electrical penetrations, etc., to prevent fire from spreading to upper
floors.

The exhaust ventilation systems which remove hot fire gases, toxic contaminants, explosive gases, and

smoke are designed with a high fire integrity. The subsurface and surface structures are served by these

systems.

The components of the electric service and distribution systems are listed by Underwriters Laboratory, or

approved by Factory Mutual Engineering Corporation, and are installed to minimize possible ignition of

combustible material and maximize safety.

Adeguate provisions for the safe exit of personnel are available for al potential fire occurrences with
evacuation alarm signals provided throughout occupied areas.

Building evacuation plans help ensure the safe evacuation of building occupants during emergency
conditions. The WIPP Emergency Management Program?® contains the underground emergency
procedures, the underground evacuation routes, and the designated assembly areas.

The WIPP Fire Protection System consists of four subsystems. They are:

° Fire Water Supply and Distribution System

° Fire Suppression System

° Fire Detection and Alarm System

° Radio Fire Alarm Reporter (FAR) System
All fire protection systems are classified as Design Class 111B.
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45.1.1 FireWater Supply and Distribution System

The Fire Water Supply and Distribution System consists of two fire pumps, a pressure maintenance
(jockey) pump, and a compound loop yard distribution system. One fire pump is electric motor driven
and the other pump is diesel engine driven. Both pumps are rated for 1,500 gal (5678 L) per minute at
125 psi (8.8 kg/cm?). The system is required to provide fire water at arate of 1,500 gal (5678 L) per
minute for two hours for atotal of 180,000 gal (681,354 L).

The Fire Water Supply System receivesits normal water supply from one of two on-site 180,000 gal
(681,354 L) ground-level storage tanks, which are part of the Water Distribution System. The second
tank supplies water to the Domestic/Utility Water System, which is a separate system from the Fire
Water Supply System, and also reserves approximately 100,000 gal (378,540 L) of water for use asfire
water. Utilization of the water in the second tank by the Fire Water Supply System is achieved by the
installation of a suction piping spool piece.

Operation of the two fire pumps and the jockey pump is controlled by changesin the distribution system
pressure. The pumps are arranged for sequential operation. Under normal conditions, the jockey pump
operates to maintain the designed system static pressure. Should there be a demand for fire water which
exceeds the capacity of the jockey pump, system pressure will drop and the electric fire pump will start.
If system pressure continues to drop, the diesel pump will start.

The yard distribution system consists of a compound loop arrangement serving all areas of the site. The
system supplies fire water to all facilities containing a sprinkler system. In addition, the system supplies
fire hydrants, which are located at approximately 300 ft (91 m) intervals throughout the site. The system
contains numerous sectionalizing and control valves, which are locked, sealed, and visually checked
monthly.

All magjor components of the Fire Water Supply and Distribution System are UL- listed and
FM-approved.

4.5.1.2 Fire Suppression System/Fire Detection and Alarm System

The fire suppression system consists of severa different fire extinguishing systems or equipment that
service the surface buildings and facilities and the underground areas. These may include any one or
more of the following fire extinguishing capabilities: automatic wet pipe sprinkler system, fire hose
connections, automatic dry chemical extinguishing system, and portable fire extinguishers. The
automatic wet pipe sprinkler system is the primary suppression system for fire protection at the WIPP.
The fire detection and alarm system consists of multiple systems, each utilizing most or al of the
following components: heat sensing fire detectors, smoke detectors, sprinkler system water flow alarm
devices, manual fire alarm systems, control panels, audible warning devices, and visual warning devices.
A complete description of the type of fire suppression system provided at each WIPP surface structure
and the underground is provided in the WIPP Fire Hazard Analysis Report.”

4.5.1.3 Radio Fire Alarm Reporter System
Theradio fire alarm reporter (FAR) system provides notification of fire alarm and trouble signals to the
CMR for structures not connected to the CM S local processing units and for structures which could have

significant program or monetary impact. This system consists of radio transmitters that relay alarm and
trouble signals viaan FM signal to a central base station/receiver. The signal is displayed in the CMR.
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4.5.1.4 FireProtection System Design, I nstallation, Testing and M aintenance
The following NFPA * standards apply at the WIPP facility:

® Thefirewater supply and distribution system (pumps and hydrants) are designed, installed, tested,
and maintained according to NFPA 20, NFPA *24, and NFPA “ 25,

® The automatic wet pipe sprinkler systems are designed, installed, tested, and maintained in
accordance with NFPA “13 and NFPA “25,

® Thedry chemical fire suppression systems are designed, installed, tested and maintained in
accordance with NFPA * 17.

® Thefire detection and alarm systems are designed, installed, tested, and maintained in accordance
with NFPA * 72,

® Theradio fire alarm reporter system is designed, installed, tested, and maintained in accordance with
NFPA * 72 and NFPA ¢ 1221.

4.5.2 Plant Monitoring and Communications Systems
The plant monitoring and communications systems include on-site and plant to off-site coverage. The
systems are designed to provide immediate instructions to facility personnel to assure personnel and
WIPP facility safety, WIPP facility security, and efficient WIPP facility operations under normal and
emergency conditions.
Plant Monitoring and Communications includes the following systems:
® Central monitoring system
® Plant communications

 Touch tone phones

* Mine pager phones

 Plant PA (including the Site Natification System) and alarm systems

« Radio
45.2.1 Central Monitoring System
The CMR isthe central location for the collection and monitoring of real time site data, automatically
and manually, during normal and emergency conditions. The CMR was not intended to be designed or
operated in amanner similar to the control room of a nuclear power plant. Most of the underground and
surface data monitored in the CMR is gathered, processed, stored, logged, and displayed by the CMS,
which collects the data continuously from approximately 1,500 remote sensors.
The CMSisaDesign Class I11A, computer-based monitoring and control system. It isused for real-time

site data acquisition, display, storage, alarm and logging and for the control of site
components. The CMS monitors the following systems:
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® Radiation monitoring, with input from selected area radiation monitoring system (ARMS) detectors,
selected continuous air monitoring systems (CAMS), radiation effluent monitoring systems (REMYS).

® FElectrical power status, including back-up diesel operation.
® Fireaarm system, including system status parameters.

® Ventilation system, including damper position, fan status, flow measurement, and filter differential
pressure.

® Meteorological data, including wind speed and direction, temperature, and barometric pressure.

® [acility systems, including air compressors, vacuum pumps, and storage tank levels.

The CMR has three operator stations, including an engineer’s station, which display alarms, status,
trends, graphics, and interactive operations. The CM S electronic data storage devices are located in the
computer room adjacent to the CMR. Operator's stations and an engineer's station are located in the
CMR, and the backup operator's stations are located in the security control room, computer room, and
underground operations connex (S-550).

The CMR has special features to allow its use during both normal and emergency conditions. These
features include two-hour fire walls and redundant ventilation systems, including HEPA filtration of
intake air to allow occupancy during radiological releases. The CMR sources of back-up AC electrical
power include an uninterruptible power supply (UPS), with a minimum life expectancy of 30 minutes,
and the diesel generator (on-site fuel storage capacity is sufficient for the operation on one engine
generator at full load for one day) used to power priority loads (including the CMR) as discussed in
Section 4.6.

45.2.2 Plant Communications

The dial phone system includes a private automatic branch exchange (PABX) network providing
conventional on-site and off-site telephone services. Major uses of this subsystem include the reporting
of occurrences (DOE O 232.1A)° and communications between the CMR and the following:

® Roving operators and instrumentation technicians.
® The Emergency Operations Center (EOC).

® Various departments such as Health Physics, Transportation, and Security.
The mine pager phones make up an independent, hard wired, battery-operated system for two-way
communications between the surface and underground operations.

The plant public address (PA) and alarm systems provide for the initiation of surface and underground
evacuation alarms and public address announcements from the CMR and local stations. The plant PA and
alarm systems includes the site-wide PA and intercom installations, the Site Notification System for
remote locations, and an additional underground evacuation alarm system. These alarms are supplied
with backup power if the off-site power supply fails. The PA system master control consoleislocated in
the CMR, with paging stations located in the Support Building, WHB, water pumphouse, Guard and
Security Building, salt handling hoist house and head frame, EFB, safety and emergency services facility,
Engineering Building, Warehouse/Shops Building, and underground..
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Radio includes two-way and paging on-site and off-site radio systems. These systems include base
stations in the CMR, security control room, emergency operations center, and maobile and portable units.

4.5.2.3 Radiation Monitoring System

The Radiation Monitoring System includes five basic subsytems to ensure adequate information on plant
radiation for protection of plant personnel and the surrounding environment under normal operation, off-
normal events, and recovery from off-normal events. The subsystemsare: Continuous Air Monitoring
(CAM) System, Fixed Air Sampling (FAS) Systems, Area Radiation Monitoring (ARM) Systems,
Radioactive Effluent Air Monitoring (REMS) Systems, and the Plant Vacuum (PV).

The five subsystems are coordinated into asingle design package. Signals are provided to the CMR to

provide continuous surveillance and display or log alarm status on the CRT or printer for selected CAM,
REMS and ARM stationary monitors. Status of the PV system is aso available at the CMR.
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4.6 Utility and Auxiliary Systems
4.6.1 Electrical System

Unless otherwise indicated, all electrical system components are Design Class111B. The electrical
system is designed to provide: normal and backup power to WIPP electrical equipment, grounding for
electrically energized equipment and other plant structures, lightning protection for the plant,
illumination for the plant surface facility, and for related underground operations.

Standard industrial electrical distribution equipment is used throughout. Equipment used includes
medium voltage switchgear buses, medium voltage to low voltage step-down unit substations, motor
control centers, small distribution transformers and panels, relay and protection circuitry, station batteries
along with associated synchronous inverters, diesel generator sets, and the cabling, enclosures, and other
structures required to locate and interconnect these items.

The electrical system is designed to supply power at the following nominal bus voltages:

® 13.8kVac, nominal, 3-phase, 3-wire, 60-Hz - Power supply for the main plant substation,
underground switching stations, and surface and underground unit substation transformers.

® 4.16 kVac, nominal, 3-phase, 3-wire, 60 Hz - Power supply for the main exhaust fan drive motors.

® 2.4kVac, nominal, 3-phase, 3-wire, 60 Hz - Power supply for the drive motor for the M-G set, which
provides the backup supply for the salt handling shaft drive motor.

® 480/277 Vac, nominal, 3-phase, 4-wire, 60 Hz - Power supply for motor control centers, the AIS
drive motor, solid state direct current converter systems for the SH and waste hoists, underground
filtration fans, lighting and power distribution transformers.

® 120/208 Vac, nominal, 3-phase, 4-wire, 60 Hz - Power supply for control systems, instrumentation,
lighting, communication, and small (fractional horsepower) motor-driven equipment.

® 120/208 Vac, nominal, 3-phase, 4 wire, 60 Hz - Uninterruptible power supply (UPS) for control and
instrumentation which must be continuously energized under all plant operating modes.

4.6.1.1 Normal Power Source

The WIPP facility normal power is supplied by a public utility company, and is the preferred power
source supplying power to the WIPP facility at al times.

The electrical utility company supplies electrical power from their 115 kV Potash /Kerrmac Junction
open wire transmission line from the North and Whitten/Jal Substation open wire line from the South.
The North line is about 9 mi (14.4 km) long while the South line is about 19 mi (30.5 km) long. The
Potash Junction and Whitten Substations each have two feeders from multiple generating stations and
loss of one generating source does not interrupt power to the WIPP facility.

The Utility substation at the WIPP facility islocated East of the Property Protection Area. Area

substations are located at the various surface facilities. Underground conduits, cable duct banks, and
buried cables connect the Plant substation with the area substations.
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4.6.1.2 Backup Power Source

In case of aloss of utility power, backup power to selected loads can be supplied by either of the two on-
site Design Class I11B 1,100 kW diesel generators. These generators provide reliable 480-V power, and
are sized to feed the loads listed in Table 4.6-1. Backup power isfed through buses A and B (Figure
4.6-1). Each of the diesel generators can carry all preselected monitoring loads (see Section 4.6.1.3 for a
discussion of essential |oads) plus operation of the AlS hoist for personnel evacuation, and other selected
loads in accordance with WP 04-ED series Facility Operations procedures.

Upon loss of normal power, the diesel(s) is started manually by the facility operator within 30 minutes
using the electric starter/batteries. Only one diesel may be loaded at atime.? The starter systemisa
24V battery system with a 300 amp-hour capacity. The diesel generators may be started from the local
control panel or from the CMR. Monitoring of the diesel generators and associated breakersis possible
a the CMR, thus providing the ability to feed selected facility loads from the backup power source, in
sequence, without exceeding generator capacity. The on-site total fuel storage capacity is sufficient for
the operation of one engine generator at full load for one day, and additional fuel supplies are readily
available within afew hours by tank truck allowing on-line refueling and continued operation.

The diesel generators and the generator load center are located outside between the Safety and
Emergency Services Building and EFB. A 480-V backup power indoor switchgear islocated in the main
electrical room in the Support Building. Area substations are located at various surface facilities.

Operation of backup power supplies and the selection of loads is addressed in the WP 04-ED series
Facility Operations procedures.*

4.6.1.3 Uninterruptible Power Supply (Essential L oads)

The central UPS provides power to essential equipment (Table 4.6-2) located in the Support Building and
the Waste Handling Building. The central UPS islocated in the Support Building. In addition,
individual UPSs provide transient-free power to strategically located L PUs for the radiation monitoring
system on the surface, in selected areas in the exhaust shaft, and underground passages and waste
disposal aress.

The purpose of the central UPS is to supply (120/208 Vac, 222 A) transient-free, reliable power to the
essential loads listed in Table 4.6-2. This ensures continuous power to the radiation detection system for
airborne contamination, L PUs, computer room, central monitoring room, and primary analytical
chemistry laboratory instruments, even during the interval between the loss of off-site power and
initiation of backup diesel generator power.

In case of loss of AC power input to the UPSs, the dedicated batteries can supply power to a fully loaded
UPS for 30 minutes. The AC power input to the UPS will be restored within approximately 30 minutes
viaoperator action.

All monitoring loads fed from the UPS system are shown on Washington Tru Solutions (WTS) Drawing

panel schedules for 41P-DP03/10, 41P-DP03/11, 45P-DP03/15, and 41P-DP03/17.% The connected load,
as measured, is shown in Table 4.6-2.
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4.6.1.4 Safety Considerationsand Controls

Failure of the normal distribution system or any of its components will not affect safe conditions of the
WIPP facilities. Upon loss of normal off-site power, the EFB isolation valvesfail to the filtration mode.
The simplified single-line diagram for the normal and manually switched backup loadsis shown in
Figures 4.6-2a and 4.6-2b (switching devices and equipment are symbolically represented).

4.6.2 Compressed Air

The compressed air system is Design Class 111B. The system is diverse in the types and sizes of
compressors used, and redundancy is provided for the main plant air compressors, salt hoist house, and
the underground. All are electrically driven except for the diesel powered backup compressor in the
underground.

The piping system consists of runsof 2, 4, and 6 in (5, 10, and 15 cm) pipe connecting the two
compressor buildings to the WHB, Support Building, EFB, salt hoist house, and Safety Building. A
pipe-run down the waste shaft serves the underground. Each building and the underground can be
isolated from the system.

There are two general types of compressorsin use a the WIPP. The majority are reciprocating, but the
primary main plant air compressors and the underground backup compressor are rotary screw type. All
are either single- or two-stage units; the backup main plant air compressors are the non-lubricated type

for oil free output air.

The primary main plant air compressors are two single stage rotary screw units of 250 horsepower with a
maximum capacity for each unit of 1,155 cfm (32.7 m%m) at a system pressure of 125 psi

(8.8 kg/cm?). Cooling for these compressors is accomplished with a fin and tube heat exchanger and
cooling fan placed in the lubricating oil system.

The secondary main plant air compressors are two, two-stage, double acting reciprocating units of 200
horsepower and maximum capacity of 1,000 cfm (28.32 m*/m) at 125 psi (8.8 kg/cm?). These
compressors are the only water cooled units on site, using a closed loop system, pumping a mixture of
water and ethylene glycol antifreeze through afin and tube heat exchanger with four electrically driven
cooling fans.

A twin tower desiccant air dryer with prefilters and after filtersislocated just downstream of the
compressors at each of the above installations to provide clean, moisture-free, compressed air dried to a
dew point of 0°F (-18°C). A 1,000 gal (3785 L) capacity air receiver islocated just downstream of the
dryer at each location and connected to the site piping system.

The WHB and EFB employ desiccant air dryers similar to the large unitsinstalled at the main
compressor buildings but much smaller. These dryers provide additional filtering of the air and lower the
dew point to -40°F (-40°C). The Plant Air System ends at these dryers and the Instrument Air System
begins. Instrument quality air isthen used to operate dampers and control systems for the underground
ventilation system and HVAC systems in the above mentioned buildings.

The salt hoist house has a backup installation similar to those described above but uses arefrigerated air

dryer instead of the desiccant type. Thisunit provides air for operation of the hoist brakes in the event of
aloss of plant air.
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The maintenance shop, AlS hoist house, warehouse, and Engineering Building each have a stand alone
compressor installation for vehicle maintenance, hoist operation, HVAC system operation, and other
utility purposes. These buildings are not supplied by the plant air system.

Compressed gases sub-systems are installed in three site locations. The dosimetry laboratory uses
nitrogen in processing the thermo-luminescent detectors. The counting laboratories use P-10, hydrogen,
and liquid nitrogen in various analytical procedures. Mine Rescue uses high-pressure oxygen to refill
breathing pack bottles. The commercial gas bottles are installed with Safety Binding and supply
manifolds. Rescue uses compressed air for Scott Air Packs.

4.6.3 Water Distribution System

The Water Distribution System is designed to receive water from a commercial water department,
transport the water to the WIPP Site, provide storage for the required reserve of fire water, chlorinate and
store domestic water, and distribute domestic water for use by personnel, processes, HVAC and
irrigation.

4.6.4 Sewage Treatment System
The sewage treatment facility collects and treats sanitary waste and non-radioactive liquids from the

surface. Provisions also exist for the facility to receive non-hazardous effluents typically resulting from
observation wells and the de-watering of mine shafts.
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Referencesfor Section 4.6
1. WP 04-ED series Facility Operations procedures.
2. Air Quality Permit No. 310-M-2.

3. Main UPS System Panel Schedules 41P-DP03/10, 41P-DP03/11, 45P-DP03/15,
45P-DP03/17.
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Table4.6-1 Diesal Generator L oad

Manually Switched Backup

(EOC)*

L oads kw Remarks

Uninterruptible Power System* 72

Central Monitoring System*

WHB Continuous Air Monitors*

Central Monitoring Room 20

HVAC System

Utilities

Fire Protection Systemsin the 30 Battery power isprovided in fire

Waste Handling Building protection system until the diesel

Support Building generator is started and loaded.

Fire Pump 160

Communications Systems 16

Guard & Security Building 35

Air Intake Shaft Hoist (If necessary for U/G 330 The diesel generatorsload is

evacuation)* reduced to 900 kW prior to
operating the AlS hoist.

WHB Lighting 45

WHB Cranes 80 After the diesel generator is
started cranes are energized as
required to land their loads.

WHB Vacuum Pumps 50

Main Air Compressors (1-200 hp)* 160

U/G Exhaust Fans (1-235 hp)* 188

Waste Handling Building Fans* 100

U/G Sandia other Experimental Loads 400

Safety & Emergency Services Building 10

load shedding.

* Priority Back-up loads. Other loads picked up depending on actual kW loading of diesel or by
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Table4.6-2 UPSL oads

LOAD ON CENTRAL UPS

+ Radiologica Monitoring System (ARM & CAM),

* Central Monitoring System - CMS equipment in the Support
Bldg. and in Waste Handling Bldg,

¢ Communication System in Waste Handling and Support Bldg,
e Seismic Trip in Waste Handling Bldg.

* Network computers and equipment in the Support Bldg.
Computer Room.

Total Connected Load

Running Load

88 kw

30 kw

Loads on Individual UPS Units

¢ CMS equipment in facilities other than Waste Handling and
Support Buildings.

*  Selected Surface and Underground Radiological Monitoring
Units,

+ Emergency Operations Center and Safety and Emergency
Services Facility Guard and Security Building,

»  Safety Communication and Alarm System in facilities other then
Waste Handling and Support Buildings.

Tota Independent Backup System Load

66 kVA
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4.7 Radioactive Waste (Radwaste) and Hazardous Waste M anagement

Since the WIPP facility operational philosophy isto remain radiologically clean, decontamination
operations following detection of contamination may generate some radioactive waste. The plant derived
waste could originate in both the surface and underground facilities. Because derived wastes can contain
only those materials present in the waste from which they were derived, no additional characterization of
the derived waste is proposed for disposal purposes. Characterization of derived waste will be based on
process knowledge. High activity waste is not expected to be generated during any normal operating
sequences.

4.7.1 Liquid Radwaste System

Water used as afire suppressant is the largest potential source of liquid radwaste. The fire potential in
waste handling areasis remote, and contaminated water from fire fighting is not expected. All suspect
liquids are collected, sampled and analyzed for radioactivity, and if the liquid exceeds the uncontrolled
release limit of DOE Order 5400.5," it is collected and made acceptable for disposal in the WIPP.
Another source would be any liquid used for decontamination. All non-fire water liquid radwasteis
collected in portable tanks or drums, and handled in accordance with procedure WP 05-WH1036, Site
Derived Mixed Waste Handling.?

4.7.2 Solid Radwaste System

The solid radwaste system provides for the collection and packaging of site-derived solid radwaste
including waste generated in performing radiochemistry in the Health Physics Laboratory. Itis
anticipated that all site-derived waste will be contact handled, due to its low activity and the nature of the
potential for sources of site-derived solid waste at the WIPP facility.

The maximum estimated solid radwaste volumes derived at the WIPP facility are listed below.

Estimated Annua Volume

Source cubicfeet  (cubic meters)
Health Physics Laboratory 4 (0.11)
Solid Waste 205 (5.81)
Decontamination efforts 200 (5.66)
Sweeping 8 (0.23)
TOTAL 417 (11.8)

These maximum solid radwaste volumes are extremely conservative and actual volumes are expected to
be much less. Solid radwaste is collected in standard Type A containers with filter vents, and accounted
for in the WWIS.
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4.7.3 Hazardous Waste System

Non-radioactive hazardous waste generated on-site typically includes absorbed liquids from spills and
routine usage of maintenance products, including oils, coolants, and solvents. Safe storage of these
materials and associated hazards are administered by the Site Generated Non-Radioactive Hazardous
Waste Management,® the Industrial Safety Program,” and the WIPP Emergency Management Program.®

A Hazardous Waste/Material Storage Facility is provided for storage of various types of incoming and

outgoing hazardous materials prior to shipment to a Treatment Storage and Disposal Facility, and is
shown in Figure 4.1-2a.
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4.8 Human Factor s Engineering Consider ations

This section summarizes the 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. The specific human errors that can contribute to
accidental releases of hazardous materials are discussed in Chapter 5 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 criteriafor 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 |1 and I11A systemsis
summarized in Table 4.8.1. [It can be seen that most of the Design Class 11 and I11A systems and
equipment do not require human actionsto initiate or sustain their function relative to the release of
radiological or non-radiological 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 policy
outlined in WP 10-2, Maintenance Operations Instruction Manual,* states that maintenance shall have a
high degree of integration with other activities and shall have minimal impact on operations.
Maintenance on specific systemsis listed on the Plan of the Week, which Operations management must
approve. A Plan of the Day meeting further ensures that coordination will be maintained. Finally, the
facility is designed to provide adequate space and a favorable environment in which to accomplish

mai ntenance activities.

The ability of the staff to accomplish their responsibilitiesin potential accident environments is addressed
in Section 8.5. 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 responsibilitiesin potential accident environments. The graded approach to human factors
engineering considerationsis justified by the evaluation of the design and operation of the WIPP against
three criteria given in Paragraph 8a of DOE Order 5480.23:

e Criteria(a) — Magnitude of Hazard. The magnitude of hazardous materials that can be involved
in an accident leading to areleaseis very limited. The radioactive material is delivered to the sitein
sealed canisters; and, the waste handling operations are designed to maintain that integrity throughout
the entire process required to safely emplace those canisters in the site’ s underground waste disposal
rooms. Inventory limitsonindividual canisters ensure that heat generated by radioactive decay can
be easily dissipated by passive mechanisms. Finally, only alimited number of waste canisters have
the possibility of being breached as aresult of any one accident initiating event. Asaresult, the
conseguences of unmitigated releases from all accidents hypothesized in Chapter 5, including those
initiated by human error, do not produce significant offsite health consequences.
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Criteria (b) — Complexity of the Facility and/or Systems Being Relied on to Maintain an
Acceptable Level of Risk. The facility has no complex system requirements to maintain an
acceptable level of risk. Thefacility isdesigned 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 ssimply stopped and personnel evacuated until an acceptable
operating condition is reestablished.

Should an initiating event occur that breaches a waste canister, the plant design permits the
immediate cessation of activity and isolation of the area where the breach occurs. Onceisolationis
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 timeis available to thoroughly plan and
prepare for the remediation process prior to initiating decontamination and recovery actions.

Criteria (c) — Stage of Life Cycle. Human factors considered hereis 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, operations will be continued for only the
period of time needed to complete the disposal process.

Once apanel isfilled and sealed 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.
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Table4.8-1 Human Factors Evaluation Requirements of Design Class|I/I11A SSCs Page 1 of 7
Table 4.1-1 Description Functional Human Errors|Impacting Human
Allocation Safety Function Factors
(Excluding Design, Screening
System/Component Design Design Class Function Maintenance, and Testing) | Results
Class and Consequence.
PLANT BUILDINGS, FACILITIES, AND MISCELLANEOUS EQUIPMENT (SDD-CFOO)

Waste Handling Building structure and

structural components including tornado

doors (Bldg. 411)

Auxiliary Air Intake Shaft and Tunnel
(Bldg 465)

Station A Effluent Monitoring
Instrument Shed (Bldg 364)

Effluent Monitoring Rooms A and B
(Building 413A and 413B)

Station B Effluent Monitoring
Instrument Shed (Bldg 365)

Design Class Interface. (Houses
Station A)

Design Class Interface. (Houses
Loca Processing Units (LPU)s
collecting data from Stations A
and B)

Design Class Interface. (Houses
monitoring equipment for
Exhaust Filter Building duct)
Design Class Interface. (Houses
Central Monitoring Room
(CMR))

Design Class Interface. (Houses
Exhaust Filtration System)
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Table4.8-1 Human Factors Evaluation Requirements of Design Class|I/I11A SSCs Page 2 of 7
Table 4.1-1 Description Functional Human Errors|Impacting Human
Allocation Safety Function Factors
(Excluding Design, Screening
System/Component Design Design Class Function Maintenance, and Testing) | Results
Class and Consequence.
Building 412 A Design Class Interface. Passive Mechanisms | None Adequate
(Originaly TRUPACT Maintenance (Structural interface with WHB)
Facility)
PLANT MONITORING AND COMMUNICATION SYSTEM (SDD-CMOO)
Central Monitoring System 1A Monitors important facility Automatic with CMRO fails to monitor and Adequate
parameters alarms and readout in | back up automatic functions.
CMS. No human mitigation of
ongoing scenario
ENVIRONMENTAL MONITORING SYSTEM (SDD-EM 00)
Volatile Organic Compound (VOC) 1A Monitors release of VOCs N/A No safety function - Adequate
Monitoring Equipment and sub-systems Periodic sampling for
confirmatory monitoring in
accordance with RCRA
HEATING, VENTILATION, AND AIR CONDITIONING (HVAC) SYSTEM (SDD-HV00)
Exhaust Filtration System Il Design Class Interface. (Control Passive Mechanisms. | None. Filtersrequiredtobe | Adequate
of radioactive effluent) online during waste
handling.
HEPA Filters Il Control of radioactive effluent Passive Mechanisms | None. Filtersrequiredtobe | Adequate
online during waste
handling.
Tornado Dampers Il Control of radioactive effluent Automatic None Adequate
Exhaust Systems HV02, (Bldg 411, RH 1A Design Class Interface. (Provide Passive Mechanisms | None. Systemsrequired to Adequate
HVAC), and HV04 (Station A and Bldg filtration and maintain be online during waste
413, Exhaust Filter Building HVAC) differential pressure) handling.
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Table4.8-1 Human Factors Evaluation Requirements of Design Class|I/I11A SSCs Page 3 of 7
Table 4.1-1 Description Functional Human Errors|Impacting Human
Allocation Safety Function Factors
(Excluding Design, Screening
System/Component Design Design Class Function Maintenance, and Testing) | Results
Class and Consequence.
HVAC for the CMR 1A Design Class Interface. Automatic None Adequate
(Maintains acceptable CMR
environment)
RADIATION MONITORING SYSTEM (SDD-RMQ0)
Stations A3, B2, C, and D1 (including Il Monitors radioactive effluents Automatic with CMRO failsto verify Adequate
UPSs) alarms and readout in | operation and notify plant
CMS. personnel. FSM failsto
initiate facility emergency
plans. No human mitigation
of ongoing scenario.
The remainder of the RMS SSCs (except | II1A Monitors radioactive effluents Automatic with CMRO failsto verify Adequate
PV00 equipment which isI1IB) are alarms and readout in | operation and notify plant
Design Class I11A CMS. personnel. FSM failsto
initiate facility emergency
plans. No human mitigation
of ongoing scenario.
UNDERGROUND HOIST SYSTEM (SDD-UHQ0)
Waste Hoist and Equipment 1A Failure could cause radioactive Automatic (See None Adequate
meaterial release WIPP/WID-96-2178
Rev. 0)

4.8-6

January 28, 2003



WIPP RH PSAR DOE/WIPP-03-3174 CHAPTER 4
Table4.8-1 Human Factors Evaluation Requirements of Design Class|I/I11A SSCs Page 4 of 7
Table 4.1-1 Description Functional Human Errors|Impacting Human
Allocation Safety Function Factors
(Excluding Design, Screening
System/Component Design Design Class Function Maintenance, and Testing) | Results
Class and Consequence.

UNDERGROUND VENTILATION SYSTEM (SDD-VUO0O)

Failure could cause radioactive
materials release

4.8-7

manual

Exhaust duct elbow at the top of the Il Design Class Interface. Passive Mechanisms | None Adequate
Exhaust Shaft (Channels exhaust air to the EFB)
HEPA Filters and Isolation Dampers Il Control of radioactive effluent Passive Mechanisms | None Adequate
Il Design Class Interface. Passive Mechanisms | None Adequate
Exhaust Fans for the filtration mode (Channels exhaust air through the
EFB)
Exhaust System Instruments and 1A Design Class Interfape. _ Passive Mechanisms | None Adequate
(Supports Exhaust Filtration
Hardware
System)
(6) High Pressure Fans for Bulkhead 309 | I[1IA Maintain buffer zone between Passive Mechanisms | None Adequate
(Pressure Chamber) RMA and non-RMA
WASTE HANDLING EQUIPMENT (SDD-WHO00)
Facility Cask Il Provides permanent shielding Passive Mechanisms | None Adequate

Failure could lead to
initiating event for RH
Accident Release
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Table4.8-1 Human Factors Evaluation Requirements of Design Class|I/I11A SSCs Page5 of 7
Table 4.1-1 Description Functional Human Errors|Impacting Human
Allocation Safety Function Factors
(Excluding Design, Screening
System/Component Design Design Class Function Maintenance, and Testing) | Results
Class and Consequence.
Transfer Cell Ceiling Shield Valve Il Provides permanent shielding Passive Mechanisms | None Adequate
Hot Cell Transfer Drawer Il Provides permanent shielding Passive Mechanisms | None Adequate
Hot Cell Viewing Windows Il Provides permanent shielding Passive Mechanisms | None Adequate
140/25 ton crane 1A Programmatic Impact Active- Inuse Failure could lead to Adequate
manual initiating event for RH
Accident Release
Cask Lifting Y oke (140/25 ton crane) 1A Programmatic Impact Active- Inuse Failure could lead to Adequate
manual initiating event for RH
Accident Release
15-ton Overhead crane- Hot Cell A Failure could cause radioactive Active- Inuse Failure could lead to Adequate
materialsrelease manual initiating event for RH
Accident Release
Bridge and Trolley/Par 6000 A Programmatic Impact Active- Inuse Failure could lead to Adequate
Manipulator (Hot Cell) manual initiating event for RH
Accident Release
Master-Slave Manipulators (Hot Cell) 1A Programmatic Impact Active- Inuse None Adequate
manual
Hot Cell Grapple Rotating Block A Programmatic Impact Passive Mechanisms | Failure could lead to Adequate
initiating event for RH
Accident Release
6.25 ton Overhead Fixed Hoist - Facility | [1IA Failure could cause radioactive Passive Mechanisms | None Adequate
Cask Loading Room materials release
Facility Cask Rotating Device A Programmatic Impact Passive Mechanisms | None Adequate
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Table4.8-1 Human Factors Evaluation Requirements of Design Class|I/I11A SSCs Page 6 of 7
Table 4.1-1 Description Functional Human Errors|Impacting Human
Allocation Safety Function Factors
(Excluding Design, Screening
System/Component Design Design Class Function Maintenance, and Testing) | Results
Class and Consequence.
Facility Grapples (Hot Cell & Facility 1A Failure could cause radioactive Active- Inuse Failure could lead to Adequate
Cask Loading Room) materialsrelease manual initiating event for RH
Accident Release
Shielded Insert 1A Failure could cause radioactive Active- Inuse None Adequate
meaterials release manual
The Horizontal Emplacement and A Programmatic Impact Active- Inuse Failure could lead to Adequate
Retrieval Equipment (HERE) manual initiating event for RH
Accident Release
Transfer Cell Shuttle Car A Failure could cause radioactive Active- Inuse Failure could lead to Adequate
materialsrelease manual initiating event for RH
Accident Release
10-160B Drum Carriage Lift Fixture A Failure could cause radioactive Active- Inuse Failure could lead to Adequate
materials release manual initiating event for RH
Accident Release
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