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PREFACE

Background
This Final Safety Analysis Report (FSAR) has been prepared for the Waste Isolauon Pilot Plant (W[PP) in

order to satisfy the commitments made in the (Article
I, 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 (DOE) and the requirements of Order DOE 5481.1B, Safety Analysis and

Review System.

The objectives of the Safety Analysis Preparation and Review process, as specified in Order DOE 5481.1B,
ensure that:

1. Potential hazards are systematically identified;

2. Potential consequences are analyzed;

3. Reasonable measures to eliminate, control or mitigate the hazards have been taken,
including, where applicable, compliance with commitments made in environmental assessments

and impact statements;

4. There is documented management authorization of the DOE operation based upon an objective
assessment of the safety analysis.

Specific hazards that are analyzed include credible natural hazards such as flood, weather (tornado, wind, etc.)
and earthquake; and credible man made hazards such as fire, explosion, radiation, and mining hazards.
Mitigating measures include facility design and construction, operational controls, and administrative limits.

This FSAR represents a statement and commitment by the DOE that the WIPP facility can be operated safely
and at minimum risk, if operated in accordance with this FSAR. Consequently, this FSAR has been prepared
to document that a systematic analysis of the potential hazards associated with operating the WIPP facility has
been performed (objective 1 of Order DOE 5481.1B); that potential consequences have been analyzed
(objective 2 of Order DOE 5481.1B); and that reasonable measures have been taken to eliminate, control, or
mitigate the hazards (objective 3 of Order 5481.1B). In addition, this FSAR documents the implementation of
commitments made in the environmental impact statement regarding the mitigation of adverse impacts to the
environment (objective 3 of Order DOE 5481.1B).

Note that objective 4 of Order DOE 5481.1B is met by activities performed outside the FSAR. The
recommendation for management authorization to begin operations is the result of an activity known as
readiness review. This readiness review is a prerequisite to operations and is discussed in this preface.

In the process of preparing and reviewing this FSAR, several review groups have raised concerns regarding the
scope and the role of the FSAR in the process for management authorization for the start of operations at the

WIPP. This preface addresses these concerns.

Scope of the FSAR

The questions concerning the scope of the FSAR was approached from two standpoints. First, the Advisory
Committee on Nuclear Facility Safety (ACNFS) recommended that the DOE define the FSAR as the top-level
safety document that serves as a compilation of all commitments necessary to ensure safe operations of the
facility. This definition is consistent with the Working Agreement with the State of New Mexico, which defines
the Safety Analysis Report (SAR) as the most comprehensive document concerning the WIPP as related to

P-1
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public health and safety. In response to this concern, the DOE acknowledges that this FSAR represents a
statement and commitment by the DOE that the WIPP facility can be operated safely, and at minimum risk, if
operated in accordance with the FSAR. Readiness of the WIPP facility to operate in accordance with the
FSAR is discussed under Prerequisites.

Second, the Environmental Evaluation Group (EEG) and others questioned the validity of the FSAR for the
period of time after the initial Test Phase, since no commitment will be made regarding operating the plant past
this time until the DOE can demonstrate compliance to applicable long-term performance standards.

The DOE has responded to this question by pointing out that this FSAR makes no commitments to operate the
WIPP facility for any predetermined time period. Operating scenarios and quantities of waste will be
determined independent of the FSAR in accordance with DOE programmatic needs. To the extent that these
programmatic determinations result in modifications to the operational design described in this FSAR,
additional safety analysis will be conducted. Consistent with DOE policy regarding the construction of major
facilities, the WIPP facility has a nominal design life of 25 years. Consequently, the physical plant (Waste
Handling Building and equipment, shafts, radiation monitoring systems, etc.) for the project have been
designed and constructed for a 25-year operational period. This FSAR is applicable to operations during the
25 years of waste handling, as currently planned, excluding those portions of the Test Phase that are not
anticipated to be design basis operations (such as bin sampling, etc.). A description of the activities planned for
the Test Phase and safety analyses of the proposed actions will be available as an addendum to this document
prior to the inception of these activities. Also, since an analysis of the suitability of the project for long-term
isolation of the waste will not be completed until 1994, the FSAR does not address the questions of long-term
performance, i.e. performance to 10,000 years.

Related to this, the EEG has recommended that the health and safety impacts of activities associated with the
Test Phase should be included in the FSAR prior to initial approval. The DOE has considered this question
and has opted to proceed with documenting the Test Phase activities in a separate document, as described
below. The basis for this approach is the FSAR considers operations at waste throughput rates equivalent to
the design basis. Lesser throughput rates and shorter operating periods such as those proposed during the Test
Phase are bounded by the design conditions. In this regard, the FSAR covers the first five years of operations
as a Test Phase durmg which time various test, experiments, and demonstrations will occur, which are being
designed to support a decision regarding full-facility operations. Planning for these tests is proceeding in
parallel with the preparation of this FSAR; consequently the tests are not explicitly described in this FSAR.
Once these tests are sufficiently well defined, additional safety analysis documentation will be developed, as
required. This documentation will be reviewed internally and externally consistent with DOE policy and
agreements with outside agencies such as the State of New Mexico. None of the wastes required to conduct
these Test Phase activities will be shipped to the WIPP facility until the additional safety analysis has been
completed and the proper management approvals have been granted.

P isi
As a result of EEG’s review of the FSAR, they identified a number of items that were not included in the
FSAR. Most of these items have been identified by the DOE as prerequisites to startup or prerequisites to a
decision on retrieval. These items will be used in association with the FSAR in making the decision to start
waste operations at the WIPP. Those prerequisites that must be completed prior to management authorization
to begin operations are found in the Secretary’s Decision Plan for WIPP.

One of the prerequisites is a readiness review. This activity is required by Order DOE 5481.1B to ensure that
all systems, structures, and operational policies are consistent with the FSAR, that they provide the required
level of safety and protection, and that commntmcnts made with regard to the mitigation of risks have been
implemented. :
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The FSAR does not assess or justify whether the facility is operationally ready to receive waste or makes a
determination of the adequacy of the radiation protection program. Similarly, it does not make a determination
of the ability to detect radioactivity either above ground or below ground. Documentation of the readiness to
receive waste will be contained in the "WIPP Readiness Review Inspection Report,” which will be issued prior

to receipt of waste.

Another prerequisite is the completion of the safety analysis for the specific activities proposed for the Test
Phase, including the retrieval of any wastes emplaced during the Test Phase. This FSAR doces not provide a
description or justification for proposed activities during the Test Phase period, for the quantities of waste that
may be used, or the radiological risks associated with those activities that are significantly different than
planned operations. Analyses of the safety of bin and alcove experiments for contact handled transuranic (CH
TRU) waste, and potential hazards of retrieval during the test phase will be published as an addendum to the
FSAR prior to initiating such activities.

Prerequisites associated with compliance to the Resource Conservation and Recovery Act (RCRA) include the
granting of a No-Migration Variance by the U.S. Environmental Protection Agency (EPA). This variance,
issued under 40 CFR 268.6 will allow the DOE to place untreated radioactive mixed wastes in the WIPP facility.
In addition, the DOE must file Part A of the RCRA permit application with the New Mexico Environmental
Improvement Division (NM/EID). Through this action, the DOE will obtain Interim Status as a disposal
facility for radioactive mixed wastes.

In this regard, while the FSAR includes a determination of risks associated with the handling of radioactive
mixed waste it does not make a final determination of the safety of emplacing chemical hazardous constituents
in the waste at the WIPP. This determination is included in the No-Migration Variance Petition, which is

currently undergoing EPA review.

Prior to waste emplacement, the DOE must demonstrate the retrievability of the waste to be emplaced during
the Test Phase. The DOE is committed to maintaining the retrieval of all wastes emplaced during the Test
Phase and will publish a comprehensive report on retrievability before shipping waste to the WIPP. The
purpose of this document is to:

o Ensure sufficient preoperational planning so that the retrieval of waste from the WIPP is possible for
whatever time period is needed, thereby avoiding becoming a permanent repository by default.

® Enable the required retrieval of waste at the end of the Test Phase to emplace backfill and any potential
modifications of the waste form and/or the repository.

Scoping safety analysis of operations to retrieve wastes will be completed as part of the addendum described
above covering the activities proposed for the Test Phase, prior to the emplacement of wastes at the WIPP
facility.

In addition, the DOE is committed to providing assurance that wastes will be retrievable prior to the decision
on permanent disposal. Several measures have been taken to provide this assurance. First, to prevent crushing
of containers of waste, backfilling of CH TRU waste will be deferred, and provisions have been taken, such as
pattern bolting, wire mesh, and reduced room size, to minimize chances of roof falls in sealed rooms. Second,
retrieval demonstrations have been conducted using simulated CH TRU containers. Third, the WIPP facility
operating staff is currently planning to conduct periodic demonstrations of retrievability during the Test Phase.

P-3
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The EEG also provided a description of several items that are prerequisites to making a decision for full-facility
operations at the end of the Test Phase. The first item deals with long-term performance. Specifically, the
FSAR does not show compliance with any of the requirements of Subpart B of the EPA Environmental
Standards for the Management andDisposal of Spent Nuclear Fuel, High-Level and Transuranic Radioactive
Wastes (40 CFR 191), promulgated in September, 1985. These include:

o Probabilistic Risk Assessment

® Assurancerequirements including the dczlgn of active and passive institutional controls, post-depositional
monito engineered barriers, and justification for the selection of the site by evaluating the favorable
geological characteristics in light of potential future mineral exploration or extraction

According to the Working Agreement, Chapter 8 of the FSAR is to include a long-term performance
assessment of the WIPP facility. Since this assessment will not be available until mid-1994, this portion of the
commitment in the Working Agreement is not completely satisfied. Instead, Chapter 8 of this FSAR currently
contains a description of the methodology that will be used to complete the performance assessment. This
activity will result in the preparation of several intermediate reports. These include Consultation and
Cooperation Agreement (C&C) required reports describing the communication modes through which
postulated releases from the repository occur. These reports are due to be published in Fiscal Year (FY) 1990.
In addition, annual summary reports are scheduled to report the status of the WIPP facility relative to the EPA
standards. An initial summary status report is on the Secretary’s Decision Plan for issuance in 1990. A final
compliance report is currently scheduled to be published in mid-1994. Performance assessment will be
completed in time to support the decision regarding the retrieval of waste or the initiation of full-scale
operations.

Simultaneous with the performance assessment activity, an evaluation of possible engineering modifications to
the waste form or the repository design are being evaluated. This activity has been initiated based on current
analyses, which indicate potential problems in meeting the EPA Environmental Standards for Safe Disposal of
TRU wastes (40 CFR 191, Subpart B) for certain breach scenarios. If modifications are proposed to the
repository design and/or waste form, an analysis of the potential hazards will be performed together with their
potential consequences and methods to control hazards to workers. The results will be published in an
amendment to the FSAR prior to a decision to implement such modifications.

Modificati
SAR are controlled documents that are updated periodically. The designation "Final" is given to indicate that a
SAR is for a facility that is ready to begin operating versus a "Preliminary” SAR, which gencrally refers to a
facility in the design or construction stage. FSARs must be amended to reflect significant changes in
operations, design or in the factors that affect operational safety. The Albuquerque implementation of Order
DOE 5481.1B (AL 5481.1B) mandates review of the FSAR at least every three years to ensure full compliance
with the intent of Order DOE 5481.1B. In addition to the commitments for the FSAR addendum to cover Test
Phase activities, and detailed modifications to the FSAR in conjunction with a decision to use the WIPP as a
repository, the basis for determining if further safety analysis is needed will be the degree to which proposed
activities represent a "significant modification” from the safety analysis performed in this FSAR. ~

According to Order DOE 5481.1B, the factors that will be considered in determining whether a proposed
physical or administrative change constitutes a significant modification are:

o Increases in the risk from a hazard beyond that previously analyzed and reviewed. This may stem from
changes in operating characteristics such as speed, temperature, or pressure; increases 1n the quantity of
hazardous materials; and/or changes in design features or administrative controls.

] iledu(ciﬁons in the reliability of any item for which credit has been taken for the reduction or control of a
azard.
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e Introduction of a new hazard.
e Application of new regulations.

e Receipt of new information indicating an increased hazard associated with an existing operation.
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CHAPTER 1

INTRODUCTION AND GENERAL DESCRIPTION

1.1 INTRODUCTION

This Final Safety Analysis Report (FSAR) has been prepared by the U.S. Department of Energy (DOE) to
support the operation of the Waste Isolation Pilot Plant (WIPP) in southeastern New Mexico. The WIPP
facility has been designed to accommodate the permanent disposal of transuranic (TRU) wastes. The principle
operational functions of the WIPP facility include the receipt, inspection, emplacement in an underground salt
repository of containers of unclassified, defense-generated, TRU wastes. Pending the results of a Test Phase,
wastes will either be retrieved or left in the underground permanently. The WIPP facility was authorized by

Public Law 96-164.!

This FSAR has been prepared in accordance with the intent of Order DOE 5481.1B% and DOE Albuquerque
Operations Office Order AL 5481.1B.3 Accordingly, the purpose of this FSAR is to document that a systematic
analysis of the potential hazards associated with operating the WIPP facility has been performed, that potential
consequences have been analyzed, and that reasonable measures have been taken to control or mitigate the
hazards. Specific potential hazards that were analyzed include credible natural hazards such as flood, weather
(tornado, wind, etc.) and earthquake; and credible man made hazards such as fire, explosion, radiation, and
mining hazards. Mitigating measures include facility design and construction, operational controls, and

administrative limits.

In addition, this FSAR has been prepared in accordance with Article IIT of the 1981 Consultation and
Cooperation Agreement (C&C Agreement) between the DOE and the State of New Mexico and, as such,
represents the most comprehensive document concerning the WIPP facility both in general terms and
specifically as related to public health and safety. The C&C Agreement is Reference 4.

In accordance with the guidance in Chapter I of Order 5481.1B, the WIPP facility is classified as a low hazard
facility. That is, the hazards associated with the operation of the WIPP facility are "those that present minor
on-site and negligible off-site impacts to people or the environment." While Order AL 5481.1B does not
normally require a Safety Analysis Report (SAR) for low hazard facilities, the FSAR was deemed appropriate
for the WIPP facility for the following reasons:

o The WIPP facility is a first-of-a-kind facility thereby justifying a structured, conservative approach to
determination of hazards, the assessment of risks, and the analysis of safety.

° Aﬂ{:emqnts with the State of New Mexico include the publication of "final facility amendments” to the
S which was prepared prior to the initiation of the construction activity at the WIPP facility.

2

The development of the WIPP facility has been evolutionary to the extent that the DOE implemented a process
that included the following steps:

e Selection of the facility location

e Evaluation of the suitability of the location

® Preliminary and final validation of the design of the underground structures
e Conceptual through final design of surface structures and support systems

e Construction
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o Turnover and startup of systems

Extensive documentation has been prepared covering these steps. A comprehensive listing of this
documentation is provided in Appendix 1A.

This FSAR covers the operational phase of the WIPP facility and is intended to provide a basic understanding
of the facility and the health and safety protection afforded the public, workers and the environment during
operations. In addition, information is provided in Chapter 8 regarding the long-term impacts of the operation
of the WIPP facility. Additional comments on the content of Chapter 8 are provided in a subsequent
paragraph. Initial operations at the WIPP facility will include a period of time during which various
experiments and operational demonstrations will be conducted. The planning for these experiments and
demonstrations is currently underway and involves the preparation of a test plan document. Even though this
plan is not yet complete, and decisions have not been made regarding the quantity of radioactive wastes to be
handled at the WIPP facility during the test period, preparation of this FSAR has proceeded. The reasons for
completing the FSAR prior to finalizing the test program include the following:

The FSAR describes the facility as designed for full waste operations, therefore, handling quantities of
wastes and throughputs less than the design capacity is included. The general consensus at this time is that
all such tests will be conducted within the safety envelope described in this document.

If the test plan requires physical or administrative changes to the design or the operational plans for the
WIPP facility, Order DOE 5481.1B prescribes factors to be considered in determining the significance of
such changes. If a determination is made that the changes constitute significant modifications, additional
safety analysis will be performed.

The design basis for the WIPP facility is for a 25-year operating life. Operational scenarios call for the initiation
of a Test Phase, generally expected to last five years. During this period of time, experiments and operational
demonstrations are planned that will provide the DOE with data key in reaching a decision regarding the
permanent isolation of wastes in the WIPP facility. The decision to convert the WIPP facility to a permanent
repository for TRU wastes will be made only after successful demonstration that the WIPP facility can meet the
environmental standards promulgated by the Environmental Protection Agency (EPA)in 40 CFR Part 191.
These standards, entitled "Environmental Standards for the Management and Disposal of Spent Nuclear Fuel,
High-Level and Transuranic Radioactive Wastes’ Final Rule” were issued in 1985, but were vacated and
remanded by the federal courts back to the EPA for reconsideration. New standards are anticipated within the
next two years. A discussion of these standards and the programs to demonstrate compliance are found in
Chapters 6 and 8.

TRU waste placed in the WIPP facility during the Test Phase will be readily retrievable. In this way, should the
DOE decide that at the end of the Test Phase, the WIPP facility is not the appropriate location of the
permanent isolation of these wastes, they can be removed with minimal risk. Such retrieval may take twice as
long as the emplacement operations, depending on the quantity of waste involved. Therefore, one operating
scenario may involve on the order of 15 years of waste handling operations; five years for emplacement and ten
years for retrieval.

The design basis operational scenario calls for the WIPP facility to begin full-scale operations following the Test
Phase. In this case, the expectation is for the plant to operate for the full 25 years. It is presently anticipated
that additional safety analysis will be performed as part of the decision making process to proceed with
full-scale operations. This analysis will consider the following:

® Modifications to systems or operations that are identified during the Test Phase.

e New systems or operations that are the result of the Test Phase.
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e Long-term performance assessment of the WIPP facility’s ability to successfully isolate TRU wastes after
the closure of the facility (See Chapter 8 of this FSAR).

In the area of final facility design and operations, this FSAR is intended to update the previous WIPP SAR and
subsequent amendments. This is because the FSAR contains the most current information regarding the
structures and systems at the WIPP facility, as well as the results of a great deal of startup testing and
evaluation. In particular, Chapter 10, Operational Safety Requirements, was written to reflect actual
operations. In the previous SAR, this chapter was based on anticipated, instead of actual, system operations
and performance.

One area in the FSAR that has not been prepared as a replacement for the previous versions is Chapter 8, Long
Term Performance. In this case, the promulgation of 40 CFR Part 191 has resulted in a change in the approach
taken to prepare long-term performance predictions. The basic difference is that the previous analyses were
consequence analyses in that certain scenarios were developed, transport models constructed, and
consequences calculated. The regulations now require that a cumulative probabilistic risk assessment be
performed to assess the adequacy of the facility. This difference has resulted in the need for the WIPP Project
staff to initiate a performance assessment (PA) program aimed at quantifying the long-term performance of the
facility in the manner required by the EPA standard. This does not necessarily mean that the previous analyses
are incorrect, just inappropriate in terms of the current requirements. As a result, Chapter 8 in this FSAR
contains a description of the methodology that will be used to complete the performance assessment. The
schedule currently calls for the performance assessment to be completed in time to support the decision
regarding the retrieval of wastes or the initiation of full-scale operations. The information gained from the
performance assessment will be included in an amendment to the FSAR once that information is available.
Anyone interested in reviewing the consequence analyses performed for the WIPP facility should obtain a copy
of Amendment 9 of the WIPP SAR or a copy of the Final Environmental Impact Statement (FEIS). Supporting
documents for this analysis are cited in Appendix 1A, including analyses performed by the Environmental
Evaluation Group (EEG).

Preparation of this FSAR has been in process since FY87. This length of time is necessary for two reasons:
o The FSAR itself is a comprehensive report requiring a great deal of analysis and associated
documentation.

o Thereview and approval process is time consumingin order to include review by appropriate organizations
within the DOE and by the EEG.

In order to complete preparation of the FSAR in a timely manner, cutoff dates for new information were
established. These are as follows:

o Facility modifications - the facility configuration shown is through December 1989.

e Technical information - technical data, unless it directly supports the safety analysis of recent facility
modifications, is current through December 1986.

e Demographic and geographic information is current through December 1986.

Any additional data gathered since these dates is generally available in various technical reports (See Appendix
1A). As future amendments to the FSAR are prepared, information will be updated, as appropriate.

Since publication of the FEIS® in October 1980 and the Record of Decision (ROD)6 in 1981 to proceed with
the construction and operation of the WIPP facility, several changes have occurred. There is now a need to
implement these changes as they relate to the accomplishment of the Test Phase and, eventually, the full
operation of the WIPP facility. Therefore, the DOE has prepared a Supplement Environmental Impact
Statement (SEIS) to further the purposes of the National Environmental Policy Act (NEPA).
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The purpose of the SEIS is to examine potential environmental consequences of (1) changes in the "proposed
action” since publication of the FEIS, and (2) changes in information, assumptions, or methods of analysis
previously employed. The critical inquiry is to determine the significance of these changes by comparing their
consequences with the environmental impacts evaluated by the FEIS. Modifications to the proposed action
examined in the FEIS are as follows:

o Changes in the TRU radionuclide inventory including high-curie content waste, high-neutron waste, and
elimination of high-level waste experiments

e Emplacement of hazardous chemical constituents of TRU mixed waste
o Changes in waste transportation including packaging, routes, and transportation modes
e Changes to the WIPP experimental program

The SEIS provides a companion document to this FSAR to the extent it provides additional detail regarding
certain environmental impacts. Information identified during the SEIS process that indicated a need for
additional safety analysis resulted in an appropriate modification to the FSAR being prepared.

Chapter 1 of this document includes a summary of the location and major design features of the WIPP facility.
Chapter 1A contains a summary safety analysis, and Chapters 2 through 5 have descriptions of the site
characteristics, design criteria, and design bases used in plant design and the plant operations. Chapter 6
contains discussions of radiation protection, environmental protection, industrial safety, industrial hygiene, and
security. Chapter 7 includes an accident analysis of the plant. Chapter 8 includes an explanation of the
methodology being used to complete an assessment of the long-term waste isolation performance of the WIPP.
The final assessment will not be completed until 1992 and will be included in a future amendment to this FSAR.
The conduct of operations and operational safety requirements are discussed in Chapters 9 and 10. The quality
assurance program is described in Chapter 11, Chapter 12 contains a description of future decontamination
and decommissioning of the facility, and Chapter 13 is the glossary of technical terms and acronyms.

Amendments to this FSAR will be made when significant modifications are proposed for the WIPP facility.
Among the factors that will be considered in determining whether a proposed physical or administrative change
constitutes a significant modification are:

o Increases in the risk from a hazard beyond that previously analyzed and reviewed. This may stem from
changes in operating characteristics such as speed, temperature, or pressure; increases in the quantity of
hazardous materials; and/or changes in design features or administrative controls.

° I;.edu::itions in the reliability of any item for which credit has been taken for the reduction or control of a
azard.

e Introduction of a new hazard.
e Application of new regulations.

e Receipt of new information indicating an increased hazard associated with an existing operation.

The review and authorization levels for significant modifications to DOE operations will be selected based on
the hazards associated with the modification and not on the original authorization for the operation. The
DOE/WPO will determine the review and authorization level.
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1.1.1 LOCATION OF THE PLANT

The WIPP facility is located in Eddy County in southeastern New Mexico, 26 miles east of Carlsbad (Figure
1.1-1). The amount of land that has been set aside for the WIPP facility includes an area of 10,240 acres. The
WIPP facility is located in an area of low population density with less than 30 permanent residents living within
a ten-mile radius of the facility. The area surrounding the facility is used primarily for grazing and resource
development. Resources of potash, oil, and gas that are located in the vicinity of the WIPP facility are
documented in several reports listed in Section 6 of Appendix 1A. Development of these resources results in a
transient population (non-permanent) consisting principally of workers at three potash mines that are located
within ten miles of the WIPP facility. The largest population center nearest the WIPP facility is the city of
Carlsbad, 26 miles to the west, with approximately 27,000 inhabitants. Two smaller communities, Loving
(population 1500) and Malaga (population 150), are located about 20 miles southwest of the facility. As the
result of land use restrictions imposed by the U.S. Bureau of Land Management, and administrative action by
the DOE to purchase leaseholdings, no resource development is allowed within the 10,240 acres that have been

set aside for the WIPP facility.

1.1.2 MISSION

The WIPP facility is authorized by Public Law 96-164 with the mission to provide "a research and development
facility to demonstrate the safe disposal of radioactive wastes resulting from the defense activities and programs
of the United States".! The WIPP facility is intended to include receipt , handling, and permanent disposal of
transuranic waste. In implementing this mission the DOE has designed the WIPP facility as a full-scale facility
to demonstrate many technical and operational principles associated with the permanent isolation of TRU
waste. Technical aspects are those associated with the design, construction, and performance of the structures
and the mined repository; operational aspects are those associated with receiving, handling and emplacing
TRU wastes. It is also designed to provide a facility in which studies and experiments related to radioactive
waste disposal can be conducted to extend the understanding of the behavior of radioactive waste in salt. These
studies and experiments are discussed in numerous publications by Sandia National Laboratories (SNL) and
other project participants and are listed in Appendix 1A. Technical programs that are underway are discussed
in Section 1.5. The full design storage capacity of the WIPP facility will not be utilized until sufficient operating
and scientific data have been accumulated to ensure the safe, long-term disposal of radioactive waste in salt.
Within a five-year demonstration period, referred to as the Test Phase, a decision, based on the ability of the
WIPP facility to meet EPA standards covering the disposal of TRU wastes, will be reached either to dispose
permanently of transuranic waste at the WIPP facility or to retrieve these wastes.

1.1.3 DESIGN CAPABILITIES

The WIPP is designed to receive and handle the following: a maximum 500 000 feet’/yr defense-generated
contact handled transuranic (CH TRU) waste, approximately 10,000 feet’/yr defense-generated remote
handled transuranic (RH TRU) waste, and quantities of defense radioactive waste to be used for experiments,
although these radioactive waste experiments are not currently part of the WIPP facility experimental program.
The CH TRU waste is in 55-gallon drums and vanous sxzcd metal boxes. The WIPP fac111ty was designed to
have a storage capacity for CH TRU waste of 6.2 x 10 3 (Reference 5). The RH waste is packaged in steel
canisters and transported to the WIPP facility in shielded shipping casks. The WIPP facxlxty has sufficient
capacity to handle the 250,000 cubxc feet of RH TRU that was established i in the ROD® as a total volume. In
addition, the C&C Agreement* limits the total RH TRU activity to 5.1 x 106 curies.

1.1-5 MAY 1990



CH TRU and RH TRU wastes are stored at the WIPP facility in a 100-acre storage area on a horizon located
2150 feet beneath the surface in a deep, bedded salt formation. Waste is transferred from the surface to the
storage horizon through a waste shaft using a hoisting arrangement.

The WIPP facility is designed for an operating life of 25 years. The facility and equipment are designed to allow
for retrieval of CH TRU or RH TRU waste stored during the Test Phase. The design accommodates the time
required to reach the waste and retrieve the waste, if such a decision is made. As discussed earlier in this
section, the amount of wastes to be handled during the Test Phase has not been determined.

Decommissioning can be performed cither after retrieval, or if it is decided to operate the WIPP without
retrieval, after completion of its operational phase. Options for decommissioning are discussed in Section 8.11
of Reference 6 and include moth-balling or dismantling surface facilities, backfilling and sealing shafts, and
backfilling underground areas. After decommissioning, no other active waste activities will be conducted at the
WIPP facility.

1.1.4 SCHEDULE

The first receipt of waste will follow the full construction and operational checkout of the WIPP facility, the
withdrawal of federal lands for the purpose of operating the WIPP facility, and the publication of a ROD
regarding the SEIS, as well as completing other prerequisites detailed on the Secretary’s Dec:sxon Plan for the
WIPP. This is expected to occur no sooner than July 1990 for CH TRU waste.

Initial emplacements of RH TRU wastes will be scheduled when all needed programmatic activities are

completed. The Test Phase is expected to end in FY94. Full operations, if initiated, are anticipated to end in
the year 2014.
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6.  U.S. Department of Energy, Record of Decision, Waste Isolation Pilot Plant (WIPP), FR 9162, Vol 46 No 18,

January 28, 1981.
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General Location of the WIPP Facility
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1.2 GENERAL DESCRIPTION OF THE WIPP FACILITY

The WIPP facility is divided into three basic groups of structures: surface structures, shafts, and underground
structures. These are described in the following paragraphs and shown schematically in Figure 1.2-1.

1.2.1 SURFACE STRUCTURES

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 1.2-2).
1.2 ndlin ildin

The primary surface operations at the WIPP facility are conducted at the Waste Handling Building (WHB)
(Figure 1.2-3), which is divided into several separate areas: the CH TRU waste handling area, the RH TRU
waste handling area, the transuranic package transporter (TRUPACT II) maintenance facility, and support

areas.

The CH TRU waste handling area includes an outdoor truck loading and offloading area, a shielded storage
room, an inventory and preparation area, and an overpack and repair room.

The RH TRU waste handling area includes: a shipping and receiving area, a shielded cell for shipping cask
unloading, waste canister inspection, overpacking canisters, as required, and facility cask loading prior to
transfer underground.

The TRUPACT II maintenance facility is a radiologically clean dedicated area, adjacent to the CH TRU waste
side of the WHB. Decontamination of a TRUPACT IJ, if required, would be accomplished in the CH TRU
waste side of the WHB. A TRUPACT II is shown in Figure 1.2-4.

Other areas within the WHB include; a site-generated waste area, heating, ventilation, and air conditioning
(HVAC) equipment area; and mechanical equipment areas.

The site generated waste area, located in the WHB, is provided for the handling of waste produced on the site
as a result of decontamination operations. Waste compaction equipment is provided for compacting, if desired,
and packaging site produced solid radioactive waste (radwaste). There is also a liquid waste collection system,
which contains an accumulation tank for liquid radwaste.

1.2.1.2 Su rt Structur

The Exhaust Filter Building (Figure 1.2-2) contains banks of high efficiency particulate air (HEPA) filters that
will be used to filter contaminated air from the underground in the unlikely event of a release. The
underground ventilation system fans are located outside, adjacent to this building.

The Support Building provides office space, radiological control laboratories, change rooms, and houses the
CMS computer (Figure 1.2-2).

The other surface structures include the Warehouse Buildings, the Guard and Security Building, the Vehicle
Service Building, a sewage treatment plant, and other auxiliary buildings.

1.2-1
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1.2.1 1 I

Sait from the underground mining operations is brough: to the surface and stored in the salt pile north of the
surface facilities (Figure 1.2-2). The salt is taken to the storage pile by truck. There is also an inactive salt
storage pile east of the Exhaust Filter Building, which is not shown in Figure 1.2.2. This salt pile is a result of
the Site and Preliminary Design Validation activities.

1.2.1.4 Plant Access

The WIPP is accessible by both road and railway. Access to the site is from U.S. Highway 62/180, about 13
miles to the north, and from Highway 128, four miles to the south (Figure 1.1-1). Rail access to the WIPP is
provided by a new rail line connecting with a spur of the Atchison, Topeka & Santa Fe railroad near the
Western Ag-Mineral’s Nash Draw mine six miles southwest of the site (Figure 1.1-1).

122 SHAFTS

WIPP has four vertical shafts that extend from the surface to the underground horizon. These are: the Waste
Shaft, the Salt Handling (SH) shaft, the Exhaust Shaft, and the Air Intake Shaft (AIS).

The shafts are lined from the shaft collar to the top of the salt formation (about 850 feet be.  :he surface), but
are unlined through the salt formation. The shaft lining is designed to withstand water pres: . s associated with
the full piezometric head in any water-bearing units encountered.

1.2.2.1 Waste Shaft

The Waste Shaft is located between the CH TRU and RH TRU areas in the WHB (Figure 1.2-2). Itis
nominally 19 feet 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 storage areas. This siaft is
also used to transport personnel, diesel fuel, materials, and larg: equipment.

1.2.2.2 Salt Handling Shaf

The SH shaft is located beneath the salt handling headframe (Figure 1.2-2). It is nominally 10 feet in diameter
and has a combined mancage/bottom dump salt handling skip. This shaft provides the only means of removing
mined materials from the underground. It serves as the secondary supply air duct for the underground areas.
The SH shaft is a route for power, control, monitoring and communication cables. Personnel can also be
transported in this shaft.

1.2.2.3 Exhaust Shaft

The exhaust shaft is located adjacent to the Exhaust Filter Building (Figure 1.2-2). It is nominally 14 feet in
diameter and serves as the exhaust air duct for the underground areas.

1.2.2.4 Air Intake Shaft (AIS)

The AIS is located to the west of the warehouse. It is a 16-foot-diameter shaft and is the primary supply of fresh
air underground.

199



WP 029
WIPP FSAR REV.0

1.2.3 UNDERGROUND STRUCTURES

The underground structures are located on the storage horizon and consist of the waste storage area, the shaft
pillar area that contains the underground support area, and the experimental area.

1,2.3.1 Storage Area

The storage area has four main entries (two entries for fresh air and two entries for return air) and a number of
storage rooms (Figure 1.2-5). The layout of the shafts and entries allows mining and storage operations to
proceed simultaneously. The first storage panel is used to store waste while the next panel is being mined.
Successive stages follow in a similar manner.

A typical storage panel consists of up to seven storage rooms. Each room is 33 feet wide, 13 feet high, and 300
feet long. The storage rooms are separated by pillars of salt 100 feet wide and 300 feet long. Panel entries at
each end of these storage rooms are also 33 feet wide and 13 feet high. These panel entries will also be used to
store waste, except in the first 200 feet from the main entries, which are of smaller size (22 feet by 14 feet) and

will be used to install the panel plugs.

The underground station located at the lower end of the waste shaft provides access for personnel and
equipment to handle the waste (Figure 1.2-5). A radiological control station is located adjacent to the waste

shaft.
1 n I

A workshop and warehouse area is located in the shaft pillar area at the storage horizon. Shops consist of a
repair bay, a welding bay, a lubrication bay, an electrical shop, several parking areas, and a warehouse. An
office, electrical substation, lunch room, and sanitary facilities are also located at the storage horizon.

1.2 E imental Ar.

The area for experiments using simulated wastes and for geotechnical evaluations consists of several rooms and
pillars that are used to perform rock mechanics tests, waste package and waste form experiments, and brine
migration tests. In part, these tests provided information used in room and pillar design of the waste storage

arca.
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FACIUTIES, USAGE AND STRUCTURE NUMBERS (FY 1990)

SPS UTILITY SUBSTATION

13.8 KV SMTCHGEAR 25P—SWG15 /1

AREA SUBSTATION NO.1 25P-SW15.1

AREA SUBSTATION NO.2 25P—SW15.2

AREA SUBSTATION NO.3 25P-SwWi5.3

AREA SUBSTATION NO.4 25P—SW15.4

AREA SUBSTATION NO.5 25P—SW15.5

AREA SUBSTATION NO.6 25P—SW15.6

AREA SUBSTATION NO.7 25P—-SWi5.7
ON—SITE GENERATOR #1 25—PE 503
ON~-SITE GENERATOR #$2 25-PE 504
WASTE SHAFT

EXHAUST SHAFT

AIR INTAKE SHAFT

AIR INTAKE SHAFT/WINCH HOUSE
EFFLUENT MONITORING INSTRUMENT SHED — "A"
EFFLUENT MONITORING INSTRUMENT SHED — "B"
SALT HANDLING SHAFT

SALT HANDUNG SHAFT HEADFRAME

SALT HANDUNG SHAFT HOISTHOUSE
UNDERGROUND SERVICES OFFICE

WASTE HANDUNG BUILDING

TRUPACT MAINTENANCE BUILDING

EXHAUST SHAFT FILTER BUILDING
MONITORING STATION A

MONITORING STATION B

WATER CHILLER FAGIUTY

SUPPORT BUILDING — OFFICES, ETC.
SAFETY & EMERGENCY SERVICES FACILITIES
WAREHOUSE /SHOPS BUILDING

VEHICLE SERVICE BUILDING

AUXILIARY WAREHOUSE BUILDING — MAINTENANCE
WATER PUMPHOUSE

WATER TANKS (2)

GUARD AND SECURITY BUILDING

CORE STORAGE BUILDING

DAL WIDE TRAILER — QFFICE
MAINTENANCE STORAGE

COMPRESSOR BUILDING

FAE259.9-1 CURRENT AS OF MAY, 1990

FAC
FAC
FAC
FAC
FAC
FAC
FAC
FAC
FAC
FAC
FAC
FAC
FAC
FAC
FAC
FAC
FAC
FAC
FAC
FAC
FAC
BLD
BLD
BLD
BLD
8L
FAC
BLD
BLD
B8LD
BLD
BLD
B8LD
FAC
BLD
BLD
BLD
BLD
BLD

252
253
254.1
254.2
254.3
254.4
254.5
254.6
254.7
255.1
255.2
n
351
361
362
364
365
m
372
384
384A
m
412
4“3
43A
4138
414
45
452
453
454
455
456
457
458
459
ASDA
481
483

AUXILUARY AIR INTAKE FAC 465
TELEPHONE HUT BLD 468
ARMORY BUILDING — ARMORY AND LOCK SHOP BLD 473
HAZARDOUS WASTE STORAGE BUILDING BLD 474
GATEHOUSE — MAIN SITE ENTRANCE/EXIT BLD 475
VEHICLE FUEL STATION FAC 480
EXHAUST SHAFT HOIST EQUIPMENT WAREHOUSE BLD 482
SULLAIR COMPRESSOR BUILDING BLD 485
ADMINISTRATION BUILDING BLD 486
DBL. WIDE TRAILER TRL 906
SINGLE WIDE TRAILER — OFFICE TRL 907
SINGLE WIDE TRAILER — OFFICE TRL 908
SINGLE WIDE TRAILER — CABLE FABRICATION TRL 908A
SINGLE WIDE TRAILER — LAB AND CABLE FABRICATION  TRL 9088
DBL. WIDE TRAILER — OFFICE TRL 909
DBL. WIDE TRAILER — OFFICE AND LAB TRL 910
SINGLE WIDE TRAILER — VACANT — TO BE EXCESSED TRL 911A
SINGLE WIDE TRAILER — OFFICE TRL 9118
SINGLE WIDE TRAILER — OFFICE TRL 911C
SINGLE WIDE TRAILER ~ AIS STAGING TRL 91E1
SINGLE WIDE TRAILER — VACANT — TO BE EXCESSED  TRL @11E2
DBL. WMIDE TRAILER — COMPUTER CENTER TRL 91F
SINGLE WIDE TRAILER — CABLE FABRICATION TRL 9116
DBL. WIDE TRAILER — OFFICE AND CLASSROOMS TRL 912
TRAILER COMPLEX (7) — OFFICE TRL 914
SINGLE WIDE TRAILER — OFFICE TRL 914A
SINGLE WDE TRAILER — OFFICE ‘ TRL 915
TRAILER COMPLEX (4) — OFFICE TRL 916
SINGLE WIDE TRAILER — AIS DATA AQUISITION TRL 917
SINGLE WIDE TRAILER ~ CHANGE ROOM TRL 9318
DBL. WIDE TRAILER — OFFICE TRL 871
DBL. WIOE TRAILER —~ OFFICE TRL 982
SINGLE WIDE TRAILER ~ OFFICE TRL 984
DBL. WIDE TRAILER — OFFICE TRL 985
DBL. WIDE TRAILER — OFFICE TRL 986
DBL. WDE TRAILER ~ OFFICE TRL 988
SINGLE WIDE TRAILER — OFFICE TRL 991
SINGLE WIDE TRAILER — LAB TRL 992
SINGLE WIDE TRALER — LAB TPL 903

MOBILE STORAGE BUILDINGS 242002 THRU 242017

This llustration for
Information Purposes only.
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13 GENERAL DESCRIPTION OF OPERATIONS AT THE WIPP FACILITY

Operations at the WIPP facility entail receiving, unloading, and transferring of radioactive wastes from the
surface of the site to the underground storage rooms. Transporters carrying radioactive waste arrive at the
WIPP facility and are staged outside the Waste Handling Building (WHB) (Figure 1.2-2). The shipments are
surveyed for external contamination prior to their movement into the WHB for unloading.

The waste received for placement in the WIPP facility must conform with the WIPP Waste Acceptance Criteria
(WAC); however, exceptions to the WIPP WAC may be requested by the shipping sites. All exceptions will be
evaluated against the WIPP facility Operational, Health, and Safety Requirements, including this FSAR, the
Final Environmental Impact Statement (FEIS), agreements with the State of New Mexico, Order DOE
5820.2A, and any applicable regulations including 40 CFR 191, before approval to ship is given.

The operational philosophy at the WIPP facility is to start radiologically clean and stay radiologically clean.
Consequently, any containers of waste that are found to be externally contaminated or damaged will be
decontaminated or placed in a larger container (overpacked), as required. Also, any local area of
contamination will be isolated and/or decontaminated prior to continuation of the waste handling process.

13.1 CH TRU WASTE OPERATIONS

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

At the storage horizon, the pallet is removed from the hoist cage, placed on the underground transporter, and
moved to the CH TRU waste storage room. In the storage room, the containers are removed from the pallet
and placed in the waste stack. The empty pallet is returned to the surface for reuse.

13.2 RH TRU WASTE OPERATIONS

The RH TRU waste handling area of the WHB has an entry for truck or rail shipments. The RH TRU waste
will be shipped in shielded NRC-certified casks. The cask is surveyed for radiation and contamination levels,
unloaded from the transporter, and placed in the cask transfer car. The cask is inspected and the outer cask lid
is removed. It is then moved to the unloading room of the hot cell. The inner cask lid and the RH TRU
canister are removed from the cask and lifted into the hot cell.

In the hot cell, the canister is inspected. The canister can be overpacked, if necessary, and is then lowered into
the transfer cell. The transfer cell provides a temporary storage area, if needed.

When the RH TRU canister is ready for emplacement, the canister is lifted from the transfer cell into the
shielded facility cask. The facility cask is moved to the hoist cage for transfer to the storage horizon. At the
storage horizon the facility cask is unloaded from the hoist cage and moved to the storage room. The cask is
placed on the emplacement/retrieval machine assembly and the canister is inserted into a predrilled horizontal
hole in the room wall. The holes will contain liners (sleeves) in order to facilitate retrieval until such time the
decision is made to make the WIPP a permanent repository. A shield plug is inserted in the hole to provide
radiation shielding,

13-1
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1.3.3 RETRIEVAL OPERATIONS

The retrieval of CH TRU waste is essentially the reverse of the storage operation. Personnel will wear the
appropriate protective equipment during this operation and contamination control procedures will be in force,
if necessary. Any damaged containers will be overpacked prior to their removal from the contamination control
area.

RH TRU waste retrieval requires that the facility cask be placed in alignment with the emplaced canister using
the same equipment as used for emplacement. The shield plug is removed, and the canister grappled and
drawn into the facility cask. The facility cask is closed and returned to the surface reversing the storage
sequence.

In order to ensure that the waste will be retrievabie during the Test Phase, several precautions have been taken.
First, with regard to CH TRU waste, scale model experiments, simulating backfilled storage rooms were
conducted to determine the point in the room closure process at which drum deformation begins.! These
experiments showed that in backfilled rooms, salt backfill will have consolidated sufficiently after eight years to
transmit lithostatic loads to the drums and initiate their deformation. As the result of these model studies, the
use of backfills for waste emplaced during this phase has been deferred, thereby minimizing the chances that
retrieval will require the removal of damaged containers. An appropriate backfill will be placed over the waste
once a decision to proceed with full operations is made. Since the specification of the appropriate backfill will
be one result of the performance assessment study, it is not possible to fully describe the backfill emplacement
process at this time. The range of options include the determination that no backfill is required in the decision
to move the waste to another storage room and re-emplace them with the proper backfill. Whatever operation
is required, the appropriate safety analysis will be performed prior to any decision to proceed.

Second, storage rooms used during the Test Phase that are required to be accessible to personel will be
monitored with both instrumentation and visually. This will allow the operating staff to anticipate deteriorating
ground conditions that may impact the retrievability of waste. In areas that are not accessible, the rock bolting
program will be enhanced to provide greater assurance that a roof fall will not occur during the Test Phase.

Finally, based on the low amount of moisture in the WIPP underground storage areas, the amount of corrosion
to containers during the Test Phase is expected to be minimal. However, prior to any retrieval operations,
drums and containers will be inspected for corrosion and for any possible deterioration of integrity and
appropriate safety precautions taken in handling any suspect containers.

With regard to RH TRU waste, retrieval is ensured by the use of a sleeve in the emplacement hole. This sleeve
is designed to withstand the expected lithostatic forces without deforming to the point where removal of the RH
canisters is no longer easy. For full-scale operations, the sleeves will not be used since easy retrieval is not
required.

13-2
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1.4 IDENTIFICATION OF AGENTS AND CONTRACTORS

The overall responsibility for the design, construction, operation, and decommissioning of the Waste Isolation
Pilot Plant (WIPP) facility rests solely with the U.S. Department of Energy (DOE). Within the DOE, the
Assistant Secretary for Environmental Restoration and Waste Management (EM) is responsible for
implementing the radioactive waste disposal policy. DOE’s Albuquerque Operations Office (DOE-AL) is
responsible for implementing the WIPP Project. The WIPP Project Office (WPO) has been established under
the direction of DOE-AL to manage and administer all project activities. Figure 1.4-1 depicts the organization
of the WIPP Project.

The DOE-AL has contracted with the following organizations to participate in the WIPP Project:

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

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

e Westinghouse Electric Corporation, Waste Isolation Division, Carlsbad, New Mexico, to serve first as the
"(I‘legc8!§nical Sugport Contractor (1978-1985) and later as the Management and Operating Contractor
-present :

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

SNL, as the Scientific Advisor, has been responsible for developing the conceptual design of the WIPP facility,
preparing the Draft and Final Environmental Impact Statements, and performing the site selection and
characterization studies. SNL is also responsible both for developing and implementing the in sitn experimental
testing programs and for completing the performance assessment of the WIPP facility in compliance with 40
CFR 191 Subpart B.

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

As the Technical Support Contractor (TSC) (from 1978-1985), Westinghouse was responsible for providing
general management and procurement support to the WPO. In this role, Westinghouse performed technical
reviews of the design, prepared the Safety Analysis Report, supported preparation of the Final Environmental
Impact Statement, and provided support in operational planning and quality assurance. In 1985, the DOE/AL
contracted with Westinghouse to provide management and operating services as the MOC. In this capacity,
Westinghouse is solely responsible for general management and operating services, including operational safety,
engineering management, quality assurance and control, project control, construction management, and
environmental services. As part of its responsibility as MOC, Westinghouse ensures that all inputs to facility
operations are properly reviewed for health, safety, and environmental implications.

The DOE has entered into a formal agreement with the State of New Mexico for the purpose of consultation
and cooperation (referred to as the C and C Agreement). This agreement, its associated working agreement
and subsequent modifications provide a basis for the Governor of New Mexico to exercise the state’s right,
granted under Public Law 96-164, to comment on and make recommendations regarding the public health and
safety aspects of the WIPP Project. The C and C Agreement designates key events, sets time frames for review,
comment and resolution of comments, and establishes procedures for review of the WIPP Project activities and
for resolving conflicts.

14-1

A AY 1000



WP 02-9
REV. 0 ~ WIPP FSAR

The purpose of the Environmental Evaluation Group (EEG) is to conduct an independent technical evaluation
of the WIPP Project related to the protection of the public health and safety. The EEG was established in 1978
with funds provided by the DOE to the State of New Mexico. Public Law 100-456, the National Defense
Authorization Act, FY89, Section 1433, assigned the EEG to the New Mexico Institute of Mining and
Technology and provided for continued funding from the DOE through Contract DE-AC04-79AL10752.

The EEG performs independent technical analyses and monitoring for background radioactivity in air, water,
and soil, both on the site and in surrounding communities.

Figure 1.4-1 lists responsibilities of the WIPP Project participants.
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1.5 TECHNICAL PROGRAMS

The development programs that have been implemented for the WIPP facility are described below. These
programs are geotechnical in nature in that they are provided to gain a greater understanding of the geological
characteristics and process associated with the facility and the interaction between various facility components
and the geology. The technical information generated by these programs is used to demonstrate the safety of
the design and more sharply define margins of conservatism and to provide the basis for design improvements,
thereby increasing safety margins. In this section, three different types of programs are described: the
programs to confirm the adequacy of the WIPP facility design, the programs to demonstrate the margin of
conservatism of designs or analyses, and the Site and Preliminary Design Validation Program (SPDV), which
began in 1981 and was concluded in 1983. The Design Validation Final Report (DVFR) was published in
October 1986.2

1.5.1 GEOTECHNICAL VERIFICATION PROGRAM

This program is providing data on the long-term geologic suitability of the WIPP facility.

The geotechnical verification program that consists principally of geologic studies for the WIPP facility
includes: preliminary site selection activities, including initial geologic characterization (referred to as site
characterization), and ongoing geological studies to further understand the long-range geologic processes that
might affect the performance of a waste disposal facility.

Preliminary site selection activities are complete and are summarized in Section 1.5.3 below. These activities
consisted primarily of national and regional studies over the past 15 years and resulted in the selection of the
region around the WIPP facility as a study area for geologic characterization. The initial geologic
characterization, which was primarily oriented towards providing specific data about the present geology of the
site, was completed and reported in December 1978.™

In addition to site characterization, it is necessary to characterize the long-term geologic processes that affect
the region around the WIPP facility.

Studies of the interaction between the WIPP facility and natural processes are discussed in detail in Chapter 2
and include meteorology, hydrology, geology, vibratory ground motion, faulting, foundation and slope stability.
Observations from these studies are improving and are confirming analytical assumptions and defining
conservatism to complete the long-term performance assessment of the WIPP facility. Additionally, studies to
address issues raised by the State of New Mexico in its lawsuit against the U.S. Department of Energy over the
WIPP Project have been completed. These studies were detailed in the "Stipulated Agreement in Lieu of
Preliminary Injunction between the Department of Energy and the State of New Mexico.” (Referred to simply
as the Stipulated Agreement). A second series of geotechnical studies agreed upon by the State of New Mexico
and the DOE are ongoing as described in Appendix II to the Working Agreement for Consultation and
Cooperation (C&C). A summary report5 on site characterization studies from 1983 to 1987 was published in
February 1988 to complete a milestone in Article IV, K, Section 12 of the C&C Agreement.

The geotechnical studies completed and those in progress are listed in Table 1.5-1 and are discussed in detail in
the appropriate sections of Chapter 2 of this document. In addition, technical reports resulting from these
studies are listed in Appendix 1A. The regional hydrology, geopressurized brine reservoirs, and dissolution are
discussed in Section 2.5. Site structural and tectonic stability are discussed in Sections 1.5.3, 2.7, 2.8, 2.9, and
2.10.
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1.5.2 WIPP EXPERIMENTAL PROGRAM AND ENGINEERING SUPPORT

An Experimental Program has been undertaken to address the research and development mission of the WIPP
facility as it pertains to design of un+'zrground openings and disposal of wastes generated bv the defense
programs of the United States. This program does not use radioactive wastes.

This program of in situ experimentation includes investigating:

e Materials and techniques for backfilling and sealing the underground excavations
e The stability of both heated and unheated underground excavations over long periods of time

e The corrosion of and response of various waste package and waste form materials to the in situ
environment

e The migration of brine at ambient temperatures and in the presence of heat sources

The experimental areas and room designations referred to in the following discussion are shown in Figure 1.5-1.

The.:e in sifu experiments have been preceded by laboratory tests of the physical, thermal, and chemical
characteristics of the salt and ~agineered components such as backfill materials, seal materials, and waste
package materials. In some cases, laboratory tests are continuing in parallel with the field tests.

i1 R i ing an lin i

Plugging and sealing of boreholes and underground mined openings has long been considered an aspect of the
engineered barriers concept for limiting the entry of water into and potential escape of waste materials from a
disposal site.»s required by 40 CFR 191. Both plugging of boreholes and sealing of mined rooms and drifts a2
being studie.. To date, studie: have built upon laboratory and field investigations of candidate plugging and
sealing mate: t:is.

Several studies on borehole plugging have been completed and additional studies are being performed by
Sandia. The results of the completed studies established the adequacy of the design of plugs and demonstrated
the effectiveness of grouts in sealing boreholes.5

Ongoing testing will further evaluate the procedures and techniques for installing borehole plugs and will
evaluate the long-term physical and chemical behavior of candidate materials.®

A series of in situ permeability tests referred to a: Small-Scale Seal Performance Tests (SSSPT) are providing
information on the ability of selected materials t: 'mit the flow of gas and brine within the mined rooms and
drifts following closure of the WIPP site. At the present time, seals comprised of salt based concretes,
reconsolidated salt blocks, and clay-salt mixtures are being evaluated in Room M of the underground
experimental area. Room scale seals will be evaluated later in the program. Test results are germane to the
evaluation of the post-closure performance of the WIPP facility.
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1.5.22 R Mechanics Experimen

A variety of experiments are planned and in progress to evaluate the long-term behavior of radioactive waste
storage rooms. The SPDYV activities were an important element of the evaluation of waste storage area design.
To facilitate evaluation of the WIPP facility current disposal panel design, four rooms of the same dimensions
and spacings as the emplacement panel design were excavated and monitored as part of the SPDV program

(Section 1.5.3).

A multiphase test is in progress in one test area (Room G) to evaluate the geomechanical response of the rock
formation to a A range of stresses, including stresses in excess of those anticipated to be encountered
underground.’? Asa specific part of this test, the state of stress at the facility depth has been measured using a
hydraulic fracturing technique. 10 By studying the salt responsc to a range of stress conditions, the ability to
design and to predict the long-term stability of underground excavations will be improved.

In addition, extensive thermal-structural interaction investigations are being conducted as discussed in Section
1.5.2.5.

2 H TR ntainer Performance Experiment

The performance of CH TRU waste drums and proposed waste storage room backfill matenials, such as salt
and clay mixtures, are being studied in two experiments.!! The Room J experiment was fielded in mid-1986
and Room T studies began in early 1987. Although no specific credit will be taken for the possible containment
of radionuclides by the CH TRU drums, these tests will provide drum corrosion data under both anticipated
and severe overtest conditions. In addition, information will be obtained on the consolidation of backfill and
compaction of the drums that are subjected to creep closure of the rooms. None of these tests involve
radioactive materials.

1 4 TR ntainer Perf nce Experimen

Current plans call for testing of RH TRU waste packages and evaluating the response of the rock to the heat
generated by such RH TRU emplacements. A test initiated in Room T during 1986 is evaluating time
dependent closure of short horizontal borehole configurations, both with and without backfill. This test
subjects the rock to heating levels that approximate: 1) 300 watts/canister, which is the maximum anticipated
power output, and 2) 150 watts/canister, which is five times the average power output from RH TRU waste
canisters. Studies of the corrosion and behavior of the waste package and borehole backfill materials are
planned in these experiments. No radioactive materials are used in these tests.

1.5.2.5 Defense High-Level Wa L imulation

Considerable effort has been expended investigating the behavior of salt and related rocks at the WIPP facility
to the emplacement of heat generating defense high-level wastes (DHLW). Usually referred to as thermal
structural interaction (TSI) tests, these studies address issues pertinent to the design of future repositories in
salt that would be used to dispose of DHLW. These experiments have the dual purpose of increasing
knowiedge related to the response of salt to heating and extending effective baseline for model validation, and
evaluating computer models that are used for repository design.

Three parallel rooms designated A1, A2, and A3 are being used to simulate the behavior of part of a panelin a
repository containing DHLW.!? Following a period of monitoring during construction and at ambient
temperature, the heated phase of this test began in October 1985, Data acquisition and analysis are in progress.
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Overtest conditions are being evaluated in Room B where heated phase measurements began in April 1985.1

In this experiment, the temperature has been maintained substantially higher than anticipated during actual
DHLW disposal. For both of these tests, heat is generated by electrical heaters rather than by actual
radioactive wastes. The migration of brine in response to heating is an integral part of these tests. In addition,
the metallurgical behavior of candidate waste package materials is being studied.}* Interactions of candidate
waste-package and waste-form materials in the presence of brine are also being studied in the Room J
Materials Interface Interaction Tests (MIIT).

A large cylindrical pillar was mmed within a circular room to form Room G, which is the third TSI experiment
that is in progress at this time.'> The behavior of this axially symmetric plllar at both ambient and elevated
temperatures and rock mechanics experiments at ambient temperatures in Room G may be used in the
evaluation and further development of repository design models.

1.5.2.6 Brine Inflow Studies

A number of activities designed to better characterize brine seepage into the repository excavations are ongoing
and described in Section 2.7..2.3 of Reference 16.

The Brine Sampling and Evaluation Program (BSEP) has been in formal existence since 1984, and is an
outgrowth of observations that have been made since initial WIPP excavations in 1982. This long-term program
has resulted in the generation of a number of reports (See Appendix 1A).

The BSEP characterizes the extent and composition of visually identified brine inflow. This will assist in
evaluating brine sources, areal extent and volume of existing and potential brine, relationships between brine
and gas occurrences, and the long-term behavior of know occurrences.

Photographic documentation of brine weeps as well as observation and measurements of brine accumulations in
drill holes has been ongoing for over six years and will be continued. The existing data document the variation
in moisture content that occurs stratigraphically, laterally, and with time since the areas were mined. Salt
efflorescences have been dried and weighed to determine the quantity of brine that evaporated to form the
deposits. Visual and geophysical logging of boreholes assist in delineating specific zones of higher moisture
content. Brine samples have been collected periodically and the chemical composition analyzed.

Additionally, a large number of specific experiments are in progress to supplement the BSEP observational
data. These include pore-pressure experiments, constitutive modeling , permeability and hydrologic testing in a
variety of bore holes, and the Room Q experiments.

Room Q is 350 feet long and has a circular cross section, which is expected to maximize the fraction of incoming
brine that can be collected in instrumented containers and measured directly without the need to infer brine
volumes. In this way, the circular cross section addresses the possibility that inaccuracies in brine inflow
measurements to test rooms could result from the accumulation of brine in fractures surrounding the room,
particularly in the underlying Marker Bed 139 and overlying seams. This curved cross section may also
minimize the disturbed zone on the surrounding host rock, further minimizing occurrences of undetected
incoming brine.

As the circular cross section brine inflow room was bored, instrumentation measured the pore-pressure
response of the host rock. After the room is excavated and sealed, remotely read instrumentation will collect
data on humidity, closure, pore pressure vs. distance from the wall, and other variables. The disturbed zone will
be characterized using methods such as electrical conductivity and acoustic measurements. Liquid brine inflow
will be collected from troughs and shallow sumps to be weighed, measured, and analyzed. Salt samples will also

1.5-4
AMAY 1000



WP 02-9
WIPP FSAR REV.0

be analyzed for brine content. Finally, post-test studies will be conducted including analyses of core samples
and measurements in exploratory boreholes. The data will then be interpreted in terms of brine transport
mechanisms.

1.53 SITE AND DESIGN VALIDATION ACTIVITIES

The WIPP Project has pursued a phased approach to evaluating the acceptability of the site and the validity of
the designs of pertinent structures. The initial phases of this evaluation process are described briefly here.

The earliest phase of the process began in 1975 and consisted of a variety of studies concerning the surface and
subsurface characteristics of the region surrounding the location of the WIPP facility. Those studies were
conducted from the ground surface and included surface surveys such as seismic, resistivity, and magnetic
surveys; and borehole drilling, sampling of subsurface rocks and fluids, and testing. Although these studies
produced a considerable knowledge base and provided initial confidence in the potential location for the WIPP
facility, exploration, direct observations, and testing at the proposed storage horizon depth were required
before a decision could be made to begin full construction of the WIPP facility.

A program of investigation referred to as the SPDV was undertaken to provide confirmation of the
characteristics of the facility location and to evaluate the design concepts (Figure 1.5-2). Completed in March
1983, the SPDV program spanned nearly two years. One 12-foot diameter and one 6-foot diameter shaft were
drilled to the storage horizon depth of about 2150 feet, four rooms were excavated to the storage-room design
dimensions, and connecting and exploratory drifts were excavated in support of this program.

The results of the SPDV program supported the decision to proceed with development of the WIPP facility,
geotechnical measurements continued in support of the Design Validation (DV) process, which resulted in the
Design Validation Final Report2 issued in October 1986.

In addition to summarizing the WIPP facility design, construction, exploration, and testing activities to date, the
Design Validation Final Report presents the results of the validation process and design modification
alternatives and identifies follow-on studies, which may be necessary. These recommended modifications and
associated studies are summarized in Table 1.5-2.

Alternative 2 in Table 1.5-2 was selected for the WIPP facility. This alternative allows excavation to proceed
using the current reference design dimensions and waste-stack configuration. The potential negative impacts
that are anticipated to be associated with the retrieval of crushed and breached drums are avoided with the

alternative.

As additional knowledge is gained from ongoing performance assessment, experimental, and operational
monitoring activities, modifications to this design may become necessary. Potential interactions between the
CH TRU and RH TRU disposal areas are also currently being evaluated. Design modifications will be

implemented, as appropriate.

None of the other alternatives is considered to be acceptable. This conclusion was reached by considering: (a)
the absence of an identified function for crushed-salt backfill during the period when easy retrieval must be
maintained, (b) the current understanding of crushing and breaching of waste containers that are anticipated to
occur as creep forces are transmitted through the backfill to the waste stack, and (c) the estimated radiological
impact of retrieving crushed and breached waste containers. The estimated consequences are inconsistent with
the as low as reasonably achievable (AL ARA) philosophy that is followed by the project.
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1 Site Validation Pr

The testing and exploration programs established during site validation are outlined below. A more complete
explanation of these tasks is given in site validation program documentation.!” These studies continued with
some augmentation, in support of design validation.” Those studies have resulted in numerous publications
which are included in Appendix 1A. Results of many of these studies are reported in Chapter 2 of this FSAR.

Sealogic Manni

Visual mapping of the Salt Handling (SH) shaft, the Exhaust Shaft, and the Waste Shaft (both before and after
enlargement), the air intake shaft (AIS), and underground excavations (including the south exploratory drift)
were performed to determine the lateral extent and continuity of the salt beds and to detect and describe any
notable geologic features. The mapping also provided data to assist in a determination of the thickness and
inclination of disposal horizon strata. Geological mapping continues to be done in all new excavations. These
data are used to further establish and confirm the continuity and homogeneity of the disposal horizon strata.
Should mapping reveal conditions that differ from those anticipated, studies and analysis will be conducted to
determine the significance of any differences.

ring an

A number of vertical core holes have been drilled in the roof and floor of the underground workings. Core
obtained from these holes were carefully examined and described to obtain information on the geology up to
50 feet above and below the mined areas. Special attention was given to the detection of any discontinuities or
irregularities that appeared in the cored intervals, as well as determination of the thickness of the facility strata.
Current plans are to provide single 50-foot-deep vertical up and down boreholes in each panel of the disposal
area. As with geologic mapping, the drilling of vertical boreholes allows the scientific staff the opportunity to
extend their knowledge of geologic conditions and to further confirm the presence of expected conditions. As
above, should studies reveal conditions different than those anticipated, the reasons and significance of such
differences will be determined.

Labor An

Laboratory analyses were performed on samples selected from core obtained by underground drilling and on
samples collected from the exploratory and ventilation shafts and underground workings. These analyses were
conducted to determine the mineralogy of the disposal strata, the percent fluid content of representative rock
samples, the mechanical properties of interbed material (e.g., clay and anhydrite) and the permeability of
selected rock core. Additionally, in cases where fluids encountered at the disposal horizon or in the shafts
occurred in sufficient quantity to be sampled, samples were collected for major, minor and trace elements and
isotopic analyses.

Hydrologic T

Information on the water-bearing units penetrated by the SH and Exhaust Shafts was obtained by measuring
the rate of fluid inflow into these shafts. Also, piezometers were installed through the SH Shaft liner at the
depths of the water-bearing units to measure groundwater pressure. These measurements have continued.
These pressures are small compared to the strength of the liners. Therefore, their measurement is not for safety
reasons. Instead, pressure changes could be diagnostic of changing conditions in the rock or deterioration of
seal materials.

1.5-6
MAY 1000



WP 02-9
WIPP FSAR REV.0

Stratieranhic Stud

Data on the stratigraphy and structure of the strata at and near the location of the WIPP facility were obtained
by performing a high resolution gravity survey over much of the area. Also instrumental in the determination of
the geology is the correlation of drillhole logs from boreholes drilled near the WIPP facility. Basic data reports
on these boreholes were issued as part of the site validation program documentation.

1 2 Design Validation Pr

The purpose of the preliminary design validation was to confirm that the design of excavations performed
during SPDV is adequate for safe and efficient operation. Three types of observations were made to provide
information for evaluation of the design:

® Geologic observations to reveal unexpected features that might have an impact on the design
¢ Observations of the excavated surfaces to detect anomalous behavior that may affect operational safety

e Measurements of closure of the excavated surfaces and movement of the rock salt using rock mechanics
instrumentation

Reference 11s a report prepared as part of the SPDV activities for the WIPP facility underground opening
reference design. Reference 2 contains additional information gathered after completion of the SPDV
Program. This information has been analyzed and evaluated to complete the design validation process for the
WIPP facility.

Four types of information were gathered for Reference 2:

e Observations of the behavior of the underground openings
e Descriptions of the geologic conditions encountered during underground construction

e Descriptions of core samples from instrumentation and other holes in the roof and floor of the
underground openings

e Data from installed geomechanical instrumentation

The design validation process provides for the collection, analysis and evaluation of in situ data. This process
was designed to permit determination of the need to modify elements of the underground opening reference
design so that construction and operation of the full facility can proceed in a timely, safe, environmentally
acceptable and cost effective manner. Observation and instrumentation data have been collected and evaluated

for each of the underground design elements.

Most of the instruments are connected to a computer for automatic data acquisition; this enables the excavation
to be monitored continuously. Other instruments are read manually with the resulting data being entered into a
computer based data management system for subsequent analysis and reporting.

The facility design is evaluated continuously as additional observations on geology and rock behavior and the
instrumentation data are available. In this way, the operating plans can be modified, as necessary, in response
to conditions encountered in the course of excavating the underground structures, thereby providing as safe a
working environment as possible.
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The designs of the shafts and the horizontal openings were evaluated as part of the preliminary design
validation. Subsequent to preliminary design validation, visual and instrumental data continue to be collected
during full-facility construction. These activities will continue through operations to ensure excavated opening
dimensions are within the range to permit safe operation. In addition, during the Test Phase, storage rooms will
be monitored using both instrumentation and visual inspection to ensure that wastes in these rooms will be
readily retrievable.

1 i ni m ion m

Operational geotechnical instrumentation measurement programs include ongoing measurement of
convergence, brine inflow and hydrostatic pressure buildup behind shaft liners, as well as geologic mapping of
new excavations. These are the responsibility of the Engineering Manager of the operating contractor, they are
conducted in accordance with the WIPP Geoscience and Procedure Manual.

The safety of the underground excavations is and will continue to be evaluated on the basis of criteria
established from measurements of room convergence. These criteria may be modified as more field data are
collected and additional experience is gained with the performance of the WIPP underground excavations. The
criteria are as follows:

o Increase in measured room closure rate with time

e Deviation of measured room closure rate from a predicted rate that exceeds specified threshold limits

The threshold limit is established from statistical analyses of room closure data and is +0.5 inch above
predicted levels. This analysis is updated on a regular basis and is reported in geotechnical data reports.

Once the threshold is crossed at an instrumented location, a study is initiated to determine the cause. If the
cause cannot be related to operational considerations, such as mining activity, then additional field monitoring
will be undertaken to characterize the ground response. Should the field data indicate that ground conditions
are deteriorating, then corrective action will be taken, as required.

In general, ongoing observations and monitoring results are compiled into a data base and documented
annually in the Geotechnical Field Data and Analysis Report. This document and associated data are reviewed
throughout the MOC and other project participants. It is the responsibility of the Engineering Manager and his
staff to report changes in the underground geotechnical conditions to the facility safety and operations staff in a
timely manner. Such reports are made, when necessary, at daily planning meetings, weekly interface meetings,
or in monthly operations reports, or in any other manner, as appropriate.

1.5.4 RETRIEVAL DEMONSTRATIONS

CH TRU waste and RH TRU waste retrieval demonstrations were performed with non-radioactive "mock”
waste forms of CH TRU and RH TRU. These demonstrations evaluated handling equipment prior to
commencement of waste receipt. The objective of these demonstrations was to ensure that a fully tested set of
underground handling equipment and operating procedures were available prior to the receipt of these waste
forms. Storage rooms were configured to simulate the expected conditions after five years. Details of these
demonstrations can be found in References 18 and 19.
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Table 1.5-1 Page 1 of 2
MAJOR MILESTONES FOR GEOTECHNICAL DATA ACQUISITION
Program Milestones Status
Geological Characterization Report 8/78 (Complete)
Final Environmental Impact Statement 10/80 (Complete)
Recovery of Natural Resources 9/82 (Complete)
Breccia Pipes 10/82 (Complete)
Delaware Mountain Group Hydrology 12/82 (Complete)
Aquifer Characteristics 3/83 (Complete)
Dissolution of Evaporites in Delaware Basin 3/83 (Complete)
Site Deformation Report 3/83 (Complete)
Regional Hydrology 3/83 (Complete)
Site Validation Conclusions 3/83 (Complete)
Preliminary Design Validation 3/83 (Complete)
Brine Reservoirs 3/83 (Complete)
Fracture Flow In Rustler Aquifer 6/82 (Complete)
Design Validation 10/86 (Complete)
Simulated Waste Experiments 4/88 (Complete)
Technical Report for DOE-2 6/86 (Complete)
Geologic Structures Within the Salado and
Castile Formations in Hole DOE-2 6/86 (Complete)
A Compilation of Hydrologic Data from the
Salado and Castile Formations 06/86 (Complete)
Hydrologic Data Reports (Six Completed) 06/85 - 06/88
Multi-Pad and Single-Pad Water-Bearing Zone 10/86 (Testing Complete)
Tests of the Culebra Dolomite at Hydropad H-3 03/87 (Reporting Complete)
Single Pad Hydraulic Testing of the Culebra 5/87 (Testing Complete)
Dolomite at H-11 9/87 (Reporting Complete)

Single-Well Hydraulic Testing of the
Rustler Water-Bearing Zones

Convergent-Flow Tracer Tests at
Hydropad H-3 and H-4
Interim Sorbing Tracer Test chort'

Technical Report on Analysis of Water Samples
from the Rustler Water-Bearing Zones

Hydrogeochemical Facies in the Rustler
Formation

A Regional Water Balance for the WIPP Site
and Surrounding Area

2nd Interim Groundwater Modeling Study of the
Culebra Water-Bearing Zone

1.5-11

12/87 (Reporting Complete)

10/86 (Testing Complete)
12/86 (Reporting Complete)

(Deleted)

04/87 (Testing Complete)
12/87 (Reporting Complete)

04/89
(Expected Completion)
03/85 (Reporting Complete)

03/88 (Reporting Complete)
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MAJOR MILESTONES FOR GEOTECHNICAL DATA ACQUISITION

Prggram Milestones

Status

Dissolution of Halite and Gypsum, and Hydration of Anhydrite

to Gypsum in the Rustler Formation

Facies Variability and/or Evaporite Dissolution
Within the Rustler Formation

Evaluation of the TEM Method for Identification
of Castile Brine Qccurrences

Assessment of Near-Surface Dissolution in the
Vicinity of WIPP

Marker Bed 139: A Study of Drilicore from a
Systematic Array

Complete Reporting of H-11 Multi-Well Test
Complete Reporting of H-11 Tracer Test

Complete Reporting of Additional Radiocarbon
Analyses

Complete Numerical Modeling of Culebra Transport

in Response to a Breach involving Pressurized

Brine in the Castile Formation

12/85 (Reporting Complete)
01/88 (Reporting Complete)
03/88 (Reporting Complete)
02/85 (Complete)

02/85 (Complete)

06/89 (Expected Completion)
09/89 (Expected Completion)

09/90 (Expected Completion)

07/89 (Expected Compietion)

* This item was eliminated after modification of the agreement with the State of New Mexico.

15-12
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Table 1.5-2
SUMMARY OF DESIGN VYALIDATION RECOMMENDATIONS2

(1) Maintain the reference design storage room dimensions of 13 to 14 feet high and 33 to 34 feet wide and main-
tain the salt backfill, but reduce the volume of waste to be stored and modify the container stacking con-
figuration for the 5-year demonstration period. Revise the design criteria to require that waste be retrieved
before a room exceeds an age of 7 years. This will meet the criteria that the waste containers not be
crushed or breached, but it will require a significant number of additional storage rooms.

(2) Maintain the reference design storage room dimensions and maintain the planned waste volume. Revise the
design criteria to delete the requirement for salt backfill and to require the waste be retrieved before a
room exceeds an age of 7 years. This will meet the criteria that the waste containers not be crushed or
breached without requiring additional storage rooms.

(3) Maintain the reference design storage room dimensions, planned waste volume, and salt backfill require-
ment. Revise the storage operations so that the first-retrieved waste with retrieval effected before the room
exceeds 6 years of age. Excavate the room to 14 x 34 feet, then 1 year later, trim the room to its initial 14 x
34 foot dimensions. This will minimize container crushing and breaching. More storage rooms will be util-
ized during the 5-year demonstration period, but the total number of rooms will remain the same as
provided by the reference design. This modification will require changing the design criteria to allow crush-
ing and breaching of the CH waste containers prior to retrieval and handling of crushed and breached con-

tainers.

(4) Reduce the reference design storage room width from 33 feet to 28 feet, maintain the room height at 13 to 14
feet, and reduce the pillar width to 84 feet. Maintain the first room for RH waste emplacement at the
original reference design dimensions. Reduce the planned waste volume and maintain the salt backfill re-
quirement. Excavate the rooms to 14 x 28 feet, then trim them to this dimension after 1 year. Use a first-
in/first-out storage operation. This will reduce the creep to approximately that of a 13 x 25-foot drift.
Stability will be enhanced and crushing and breaching will be minimized. The volume of excavation will be
approximately the same as for the reference design storage rooms, but with the advantage of a lower creep
rate. If this alternative is selected, additional engineering evaluation will be required.

(5) Maintain the reference design storage room dimensions, the planned waste volume, the salt backfill require-
ment, and the reference design optimized excavation and storage plan. Revise the design criteria, as in al-
ternative number 3, to allow crushing and breaching of the CH waste containers prior to their retrieval.
Require a demonstration of the retrieval and handling of crushed and breached containers prior to the
receipt of waste during the S-year demonstration period, but also during permanent storage.

(6) The drifts used for storage will require maintenance and trimming to accommodate the required equipment
and storage clearances. Their closure rates are not critical for storage because they will be used only for
permanent storage near the end of the permanent storage period.

(7) Add additional rooms to compensate for the space occupied by the plugs in the storage area entry drifts.

(8) Install instrumentation in the storage rooms to obtain in situ data to monitor storage room behavior.
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CHAPTER 1A

SUMMARY SAFETY ANALYSIS

Consideration of the operational safety aspects as well as the long-term protection aspects of the WIPP facility
began as early as the establishment of site selection criteria. As is detailed in Reference 1, site selection
criteria’ included factors to minimize risks from natural disasters such as earthquakes, floods, volcanoes, and
winds. Also included were factors to select a location with favorable geological and hydrological characteristics
so as to minimize the risks associated with more gradual natural processes. Finally, site selection included
factors associated with the geotechnical conditions needed to safely construct and operate a mined geologic

repository.

Site and Preliminary Design Validation? (SPDV) activities confirmed the favorable characteristics of the site for
the WIPP facility and for the design of the underground structures.

The result of the systematic approach to site selection and underground structure design has been a
minimization of risks due to natural hazards. This notwithstanding this Final Safety Analysis Report (FSAR)
considers the consequences of various natural and man-made conditions that may pose a risk to the safety of the
worker, the public, or the environment. In accordance with Order AL 5481.1B, only conditions that pose risks
of accidents with a probability of occurrence of greater than 10 per year are analyzed Those natural
conditions analyzed include wind, lightning, floods, earthquakes, tornadoes, and range fires. Man-made
conditions analyzed include fires and explosions, loss of power, hazardous atmospheres, external disruptions,
mine accidents, hazardous emissions, heat stress, equipment failure and criticality.

A summary of hazards considered in this FSAR is presented in Tables 1A-1 and 1A-2. These tables provide
reference to those sections of the FSAR where detailed discussions of the hazard can be found. In addition, the
tables list those monitoring and surveillance systems used to detect failures in systems and structures.
Additional information on this topic can be found in the Final Environmental Impact Statement®, and other

documents listed in Appendix 1A.

1A.1 SITE ANALYSES

In designing the WIPP facility, design classifications have been assigned to structures and components. Design
Class I structures are items whose function is essential to 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 Zone I
boundary in excess of 25 rem to the whole body or 75 rem to specific organs. There are no Class I structures at

~ the WIPP facility.

*Site selection crltena were principally specified by Oak Ridge National Laboratories® and the United States
Geological Survey*. Reference 5 (EEG-1) contains an excellent compilation of site selection criteria from 59
different sources. The other structures and component systems at the WIPP facility are assigned to Design
Class III.
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Class II structures are items that are functionally relied upon to confine, monitor and control radioactive
effluents, or provide permanent shielding. Class IT structures at the WIPP facility are the Waste Handling
Building, the structural portions of the TRUPACT II Maintenance Facility and the Support Building, the
Monitoring Station referred to as Station A. There are several Class I component systems. Class II structures
and some component systems are for the most part designed to withstand the design basis earthquake (DBE)
and the design basis tornado (DBT).

The other structures and component systems at the WIPP facility are assigned to Design Class 1.
1A.1.1 NATURAL PHENOMENA

The engineering design of the WIPP facility takes into account risks that are created by various natural
phenomena. Specifically, protection agamst the following hazards is included in the design: earthquakes, high
winds, tornadoes, lightning, flood, excessive snow loads, and loss of water supply.

1A.1.1.1 Earthquak

Seismic nsk analysis has defined a conservative DBE for the WIPP facility with a maximum ground acceleration
of 3.2 in/s* (0.1g) horizontally and vertically, with 10 maximum stress cycles, and based on a 1000-year
recurrence interval. This maximum acceleration is used in analysns and design of surface confinement facilities
and equipment. Response spectrum analysis was conducted using structural mode shapes and frequencies for
two principal horizontal directions, and modal responses (shear, moments, stresses, deflection, accelerations)
were combined to assess the contribution to loading from seismic sources. Seismic overturning moment was
used to compute foundation reactions and account for vertical earthquake effects. Structures and components
at the WIPP that are designed to withstand the DBE include the following:

Waste Handline Buildi

o Confinement boundary, including hoist tower and tornado-resistant doors

e Cask unloading room, hot cell, transfer cell, and cask loading room
S Buildi | TRUPACT II Mai Fadili

e Structure portions
RH Waste Handlin ms and Equipmen

e Floor shield valves, transfer cell/hot cell

e Shield plug supports
Radiation M nd Alarm

o Effluent monitoring system and alarms for HEPA bypass (Station A)
e Portions of the exhaust shaft ducting

. ination G 1 (Waste Handli )
e Tornado dampers
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Handlin Equi Designed to Hold Load in Place in E  DBE

e Cask receiving bridge crane (140T)

e Remote bridge crane (15T)

e Transfer cell canister shuttle car

e Bridge-mounted power manipulator rail and bridge
e CH unioading overhead crane (5-ton)

1A.1.1.2 Wind

The design wind velocity for the WIPP facility Design Class II buildings and components is 110 mi/h at 30 feet
above ground level, with a 100-year mean recurrence interval. The design wind velocity for Design Class III
structures is 91 mi/h with a 50-year mean recurrence interval, except for the Support Building and Exhaust
Filter Building, which is 99 mi/h with a 100-year mean recurrence interval.

1A.1,1,3 Tornadoes

The DBT used for the WIPP facility has a maximum wind speed of 183 mi/h (including effects of suction
vortices), translational velocity of 41 mi/h, tangential velocity of 124 mi/h, a 325 feet radius of maximum wind,
pressure drop of 0.5 Ib/ft?, and rate of pressure drop of 0.09 Ib/ft%/s, with a mean recurrence interval of
1,000,000 years. Because atmospheric differential pressure loading tends to force external surfaces of enclosed
structures outward, the failure mode for the Support Building was analyzed to ensure that no loss of function of
tornado-resistant structures would resuit.

With regard to the DBT, and other natural phenomena, the WIPP facility is designed on a single failure basis.
That is, it is considered incredible that two or more failure events will occur simuitaneously. Based on this
design approach, it was not necessary to build structures at the WIPP facility to withstand missiles generated by
the DBT since such missiles could not simuitaneously penetrate the structures and waste containers. Damage
to Typé B containers used to ship waste to the WIPP facility is anticipated to be less severe than postulated
transportation and handling accidents so that the allowable exclusion boundary limit would not be exceeded.

1ALL4 Lichtni

Lightning protection and grounding systems are provided for the Air Intake Shaft headframe, waste hoist tower,
radio antenna, water tanks, Exhaust Shaft Filter Building, and Salt Handling Shaft headframe, and the site

perimeter.

1A.1.1.5 Water

Neither the probable maximum flood for the Pecos River nor floods induced by dam failure represent risk to
the WIPP facility because the site is 14 miles from the river and more than 400 feet above the Pecos River
floodplain. Protection from flooding caused by intense local precipitation is provided by the diversion of water
away from the WIPP facility by a system of peripheral interceptor diversions. Additionally, grade elevations of
roads, tracks, and surface facilities are designed so storm water will not collect on the site under the most severe
conditions. Shaft collars prevent surface water from entering the shafts.
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A 100-year mean recurrence interval snow load of 10 Ib/ft was used in calculations. To reduce snow retention,
there are no parapets on the roofs. The combined snow load also includes 7 b/ required to bring the snow to
threshold condition and a conservative two-inch water depth to cause flow (10 Ib/fe?), for a total of 27 Tb/fi2,
This figure is employed in place of minimum roof live load in combined loading calculations where such loading
is more critical.

1A.1.2 CHARACTERISTICS AFFECTING THE SAFETY ANALYSIS

Characteristics that affect safety analysis for the WIPP facility are the stability of the rock formations and the
presence of water.

1A.1.2 ili
1A.1.2.1.1 Surface Structures

Surface structures design takes into account the potential for subsidence of the ground surface due to
excavation beneath the WIPP site. Subsidence is a function of salt creep, extraction ration, and properties of
the rocks over the waste storage level. A shaft pillar is maintained to reduce effects of subsidence on critical
surface structures. The surface is projected to subside a maximum of no more than one inch within a 50-feet
radius of the waste shaft. Extensive field and laboratory testing was conducted to determine the static and
dynamic properties of the soil and shallow rocks. Design Class II surface structures are founded on Mescalero
caliche, Gatuna sandstone, or compacted backfill above caliche.

1A.12.12 Underground Structures

The only potential stress-related problem for the shafts that were identified in exploratory borings are the clays
of the Dewey Lake Redbeds, which would have potential for swelling when wet. These clays were considered in
the design of the shaft liners so that these potential effects are mitigated. To prevent water from entering the
shafts, they are lined immediately after boring, and surface water is diverted away.

The zone of rock in which waste will be placed is referred to as the facility horizon. It was chosen to minimize
the effects of clay seams, which create zones of possible structural weakness if located in or near the roof, floor,
or pillars. Formations overlying the Salado Formation are not expected to have any unrelieved residual stresses.
The Salado Formation that includes the facility horizon has a stable stress configuration, at lithostatic loading,
although there may be minor shear stresses. Hydraulic fracture tests conducted in facility horizon boreholes
give relatively good agreement with predicted stress configurations.

Underground openings were analyzed with a finite element model and computer program for creep closure and
the general stability of the roofs and pillars. In modeling, creep rates, and the physical properties of the
materials, are taken into account. Discrepancies observed in the underground between initial predicted creep
rates and actual creep rates are on the order of three to four times greater. These higher discrepancies are
addressed in the Final Design Validation Report.7 Changes to the facility were discussed in Section 1.5.3.
Facility design is evaluated continuously based on an increasing data base of in situ measurements.

1A.1.2.2 Water

No significant infiltration of surface water occurs below the Mescalero caliche that could affect the WIPP
facility operations. Water-bearing zones have been identified in the shafts at depths ranging from 608 to 632 feet
(Magenta) and 714 to 740 feet (Culebra). Shafts are lined and sealed to prevent water from entering the shafts

1A1
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from these water-bearing zones. Average moisture content of the Salado Formation is 1.5 percent by volume.
The brines that make up this moisture content represent no special hazard to the WIPP operations. Since the
waste container is not considered important to long-term isolation, corrosion of this container due to brines is
not considered important.

1A.13 EFFECTS OF INDUSTRIAL, TRANSPORTATION, AND MILITARY
ACTIVITIES

Nearby industrial, transportation, and military activities are far enough from the WIPP facility that they
represent negligible risk to the surface facilities. There are no industrial sites, military sites, water transport
routes or railroad routes within five miles of the center of the WIPP facility and the nearest highway is more
than four miles from the center of the WIPP facility.

The nearest gas well is about tow and one half miles from the center of the WIPP facility, while the nearest gas
pipeline is slightly more than one mile away. At those distances, a gas explosion would not be expected to cause
damage to the WIPP surface structures. Although two federal airways pass within five miles of the WIPP
facility, the probability of an air disaster occurring at the WIPP facility is very small. Outside activities do not
represent a significant risk to the WIPP facility.

1A.1-5
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Table 1A.1-1
SUMMARY OF NONRADIOLOGICAL HAZARDS

Page 1 of 4

SYSTEM/STRUCTURE MONITORING/SURVEILLANCE
HAZARD AFFECTED CONSEQUENCE MITIGATING ACTION REFERENCE SYSTEMS
1. Wind a.  All surface struc- a. Work stoppage or a.  Structures designed using wind  a. 321,321.1,3.21.2 a. Meteorological stations, severe
tures slowdown, possible loading factors derived from Occurrence: weather observation
structural damage the results of a site-specific 23.1.25,2322.1
wind study
b. Power lines b. See7. b. See?7 b. See 7 b. See 7
2. Lightning a.  Tall structures a,b. Electrical systems a,b. Lightning protection, ground- a. Lightning protection circuits
(hoist towers, damage, structural ing systems
headframes, water damage, work stoppage
tanks, antennae,
meteorological
towers, light posts,
flagpoles)
b.  Other structures b.  Structural fires b. Lightning protection circuits,
fire alarms
c.  Areaaround the ¢.  Range fire c.  Cleared area adjacent to Zone c. Security patrols
WIPP facility. 1 fence
3. Flooding a.  All surface struc- a.  Structural damage, a,b. Specific site location chosenas  a,b. The following sec- ab.  Chances of major flooding not
tures work stoppage a "Dry Site®, peripheral inter- tions reference: credible, local flooding avoided
ceptor diversions, grade eleva- Location- 2.4.3.1, by keeping drainage ways open
tions of roads, tracks, and 24.3.2, Design-
surface facilities 2422,24.23,
2.4.3.5 The following
sections reference
flooding from:
Precipitation-
24.24,24.21,
231.21,23223
Dam failure- 2.4.4.1
b.  Shafts and under- b.  Structural damage,

ground.

erosion of salt
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HAZARD

SYSTEM/STRUCTURE
AFFECTED

CONSEQUENCE

Table 1A.1-1
SUMMARY OF NONRADIOLOGICAL HAZARDS

MITIGATING ACTION

REFERENCE

Page 2 of 4

MONITORING/SURVEILLANCE

SYSTEMS

Earthquake

Tornadoes

Fire and Explosion:
o Electrical

o Spontaneous Igni-
tion

o Use and handling
of highly flam-
mable malerials

o Mainlenance
operalions and ther-
mally hot surfaces

Loss of Commercial
Power

a.  Allsurface struc-
tures

All internal systems
Shafts
d. Underground

6o

a.  Allsurface struc-
tures

b. Power lines

a.  All structures

b. Records/data

a.  Allstructures

. Structural damage,

Work stoppage

Rock fall

Structural damage,
work Stoppage

Loss of commercial
power

Personal injury,

property damage,
work stoppage

Loss of information

Work stoppage, Loss
of ventilation, damage
to electrical systems,
monitoring systems
interrupted

a-d.

Building and structural
designed using DBE criteria

See 9

Building and structural design
using DBT criteria

See 7

Fixed automatic fire suppres-
sion systems, noncombustible
construction, susceptible areas
separated by fire walls and
automatic fire doors, openings
to upper floors enclosed to
prevent spreading, use of fire-
watch system and standby per-
sonnel during a high fire risk
operation

Use of fire resistant safes and
structures

Manually started emergency

power supply (EPS), critical sys-

tems have uninterruptible
power supply (UPS).

a,b.

Design criteria refer-
ences: 2.8.6, 3.1.7,
31752

Remedial action ref-
erence: 55.3.2

Design criteria refer-
ences: 3.1.7,
3.1.75.1, 3.2.2 Occur-
rences: 2.3.1.23

See 7

3.33,443,553.2,
6.3.6

Allof44.2,55.3.2

v a-d.

a,b.

a,b.

Seismic monitoring system

Meteorological stations, severe
weather observation

See 7

Fire detection systems fire sup-
pression systems, fire protec-
tion system inspections

Generator tests, uninterrup-
tible power supply tests,
electric power distribution at
CMR.
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Table 1A.1-1 Page 4 of 4
SUMMARY OF NONRADIOLOGICAL HAZARDS
SYSTEM/STRUCTURE MONITORING/SURVEILLANCE
HAZARD AFFECTED CONSEQUENCE MITIGATING ACTION REFERENCE SYSTEMS
11. Civil Disobedience a.  Surface structures a.  Work disruption a,b. Security force trained to mini-  a)b. 6.5 a,b.  WIPP Facility security program
o Demonstrations mize occurrence including surveillance, patrots,
o Hostage badging, vehicle inspections
o Sabotage
b.  Area around the a,b. Fire or explosion
WIPP facility
12. Heat Stress a.  Underground a.  Personnel health a.  Monitoring, protective equip-  a. 64.1,44 a. Health monitoring program,
problems, ment, annual medical exams, procedures to limit exposure
uncomfortable work training, veatilation systems.
area HVAC system to maintain
working atmosphere.
13. Snow loads a.  Allbuildings Collapse of roof a.  Building designed for maxi- a. 327 a. Severe weather monitoring

mum expected snow load; no
parapets
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Table 1A.1-2

SUMMARY OF RADIOLOGICAL HAZARDS

Page 1 of 4

SYSTEM/STRUCTURE MONITORING/SURVEILLANCE
HAZARD AFFECTED CONSEQUENCE MITIGATING ACTION REFERENCE SYSTEMS
1. Wind a.  Waste Handling a.  Structural damage a-c. Structural design with regard a-c. Design: 3.2.1,3.21.1, ab,c. Meteorological monitoring
Building resulting in the spread to wind loading factors derived 3.21.2
of airborne radioactive from the results of a site-
particulate specific wind study
b. CMS Monitoring b,c. Structural damage a,c. Filters: 44.1.3.1, c. Mine exhaust system
Room resulting in loss of 44.13.2,6.3.1
protective system
2. Fiooding a. Waste Handling a.  Damage to structures a.  Specificsite location, structural  a. Location: 2.4.3.1, a. Not considered a credible acci- -
Building resulting in the design, peripheral interceptor 24.3.2 dent based on facility design
contamination of diversions
runoff water to the
surrounding area
a. Design: 24.2.2,
24.23,2435
3. Earthquake a. Waste Handling a,d. Structural damage a-¢. Building design using DBE a-e. 28.6,3.1.7,3.1.75.2 a-¢  Seismic monitoring system
Building resulting in the release criteria
of radioactive material
to the surrounding
environment
b.  Exhaust Filter Build- b,c,e.Structural damage
ing resulting in loss of
protective systems
¢.  Mine Exhaust system
d.  Waste Hoist
e. CMS Monitoring
Room
4. Tornado a. Waste Handling a.  Structural damage a-d. Building and structural design ~ a-d. 31.7,31.75.1,3.2.2 a-d. Meteorological monitoring,

Building

b. CMS Monitoring
Room

resulting in the release
of radioactive
materials to the
surrounding
environment

b,c,d.Structural damage

resulting in loss of
protective system

using DBT criteria

severe weather observation
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Table 1A.1-2
SUMMARY OF RADIOLOGICAL HAZARDS

Page 2 of 4

SYSTEM/STRUCTURE MONITORING/SURVEILLANCE
HAZARD AFFECTED CONSEQUENCE MITIGATING ACTION REFERENCE SYSTEMS
c.  Exhaust Filter Build-
ing
d.  Mine Exhaust Sys-
tem
Fire a. Waste Handling a-c. Structural damage a-c. Fire water containment system  a-c. 4411 a<.  Fire detection/suppression sys-
Building resulting in the release to retain water possibly con- tem
of radioactive material taminated, HEPA filter system
to the surrounding to remove radioactive material
environment and the from internally generated
release of smoke
contaminated fire
waste water, release of
smoke carrying
radioactive particulates
. Waste Hoist c. Effluent monitoring system
¢.  Underground a-c.  Radiation monitoring system
ac.  Liquid waste surveillance pro-
cedures
Loss of Commerclal a. Waste Handling a,b. Lossof ventilationand a-c. Emergency power (both UPS a-c. 553,442 ab,c. Generator tests, UPS tests,
Power Building negative pressure and and EPS) in crucial operations Power monitoring at CMS
dynamic containment
systems in WHB and
storage areas
b.  Exhaust Ventilation b,c. Loss of protective
System systems
c¢. CMS Control Room
Fall of TRUPACTII a. RCA a,b. Cause rupture of a,b. TRUPACT Il designed to ab. 45.1.2,33.1.21, a. No credible release
from: Truck, TRUPACT 11 withstand 30 ft fall as per DOT 33122
Forklift Dock releasing contents Type B design, primary confine-
ment barrier (drums) failure in-
dependent of TRUPACT
failure
b. Waste Handling b. Radiation monitoring system
Building

qvsd ddIM
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Table 1A.1-2

Page 3 of 4
SUMMARY OF RADIOLOGICAL HAZARDS
SYSTEM/STRUCTURE MONITORING/SURVEILLANCE
HAZARD AFFECTED CONSEQUENCE MITIGATING ACTION REFERENCE SYSTEMS
8a. Fallure ofoverhead  a. Waste Handling a.  Drop seven-pack a.  Crane designed using DBE a. 326.23,33.1.23 a. Radiation monitoring system
crane-CH Building configuration causing criteria. WHB design to con-
rupture of waste tain contaminates within RMA.
drums and release of
radioactive material in
WHB
8b. Failure of overhead a.  Waste Handling a.  Rupture of cask and a. -Failure unlikely since RH ship- a. 4521,4525 a. Radiation monitoring system
crane-RH cask Building canister causing ping cask designed to meet
release of radioactive NRC requirements, WHB
material to WHB designed to contain contamina-
tion
8c. Fallure of overhead a.  Waste Handling a.  Rupture of canister a.  WHB designed to contain con-  a. 4522 a. Radiation monitoring system
crane RH-canister Building causing release of tamination
radioactive material
9. Waste Hoist Failure  a. - Waste Hoist a,b. Drop of waste down a,b. Hoist design using multiple ab. 43121 ab.  Catastrophic waste hoist
shaft causing rupture cable system, and automatic failure not credible
of containers and braking system
release of radioactive
materials
b.  Underground
10. Breach of CH con- a. Waste Handling a-c. Release of radioactive a<c. Secondary confinement bar- a-c. 44.1,33.1.2.2, a<c.  Radiation monitoring system
talner Building material and riers contain contamination, 33.1.23
suspension of material dynamic confinement barriers
in air prevent contamination from
travelling to the outside en-
vironment by way of exhaust air
Waste Hoist b, Effluent monitoring system
c¢.  Underground
11, Critlcality a,  Waste Handling a,b. Fissile material in a,b. Waste Acceptance Criteria ab. 552,335,3.351 ab.  WAC certifications process to
Building quantity and climinates possibility of con- ensure no possibility of
configuration to result figuration necessary for criticality

b.  Underground

in accidental criticality

criticality

YVSd ddIM
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Table 1A.1-2 Page 4 of 4
SUMMARY OF RADIOLOGICAL HAZARDS
SYSTEM/STRUCTURE MONITORING/SURVEILLANCE
HAZARD AFFECTED CONSEQUENCE MITIGATING ACTION REFERENCE SYSTEMS
12. Snow Loads a.  Waste Handling a-c. Lossof containment a-<c. Maximum expected snow load  a-<c. 327 a<c.  Severe weather monitoring
Building structure in design basis
b.  Exhaust Fiiter Build-
ing

c.  Underground ven-
tilation ducting
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1A.2 RADIOLOGICAL IMPACT OF NORMAL OPERATION

The radiation protection program of the WIPP facility has been implemented to minimize the impact of
radiation to the general public and to the workers. This is accomplished through implementation of Order
DOE 5480.11 and through efforts to maintain exposures as low as reasonably achievable (ALARA). The
radiation control program includes the following:

e Personnel receive a level of radiation protection training appropriate to their assignments

® Appropriate access control techniques are used

® A respiratory protection program is in place

e Radiation areas are segregated and appropriately posted so that radiation exposure to workers is limited

e Instruments and equipment are properly calibrated so that accurate radiation, contamination, and
airborne activity surveys can be performe

e Appropriate personnel dosimetry devices are supplied, and a radiation exposure record system is
maintained

e An internal dose-assessment program (whole-body counting and bioassay) is in place

e Shipments of radioactive material are handled in accordance with Waste Acceptance Criteria (WAC)
limitations, Department of Transportation (DOT) regulations, and internal operating procedures

e Effluent and environmental monitoring programs are ir place to verify that releases to the environment
are ALARA and not accumulating in biological media within the limits discussed in Order DOE 5480.11

o Building and structures are designed to minimize radiation exposures by providing contamination
containment and shielding features

e Operational procedures are implemented which minimize exposure

e Potentially contaminated ventilation air is filtered by high efficiency particulate air (HEPA) filters

Radiological impacts associated with normal operations have been assessed. The steps involved in performing
this assessment include:

e Determination of design criteria

e Determination of sources of radiation exposure

o Determination of a radiation exposure source term

e Calculation of radiological impacts
1A.2.1 RADIOLOGICAL EXPOSURE DESIGN CRITERIA

It is the goal of the WIPP Project staff to keep occupational exposures below the 1 rem per year per person
design dose objective. This goal of keeping radiation exposures ALARA is accomplished through the
implementation of administrative programs and procedures in accordance with Order DOE 5480.11 and DOE
exposure guidance found in DOE/EV/1830-T5. These programs and procedures are contained in the WIPP
Radiation Safety Manual, WP 12-5; Waste Handling Operations Manual, WP 05-1; and the Radioactive Mixed

Waste Compliance Plan, WP 02-7.

1A.2-1
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The design goal of the WIPP Radiation Protection Program with regard to public exposures is to maintain
exposures as far below the exposure guidelines established in 40 CFR Part 191 (Subpart A) and Order DOE
5480.11, as reasonably achievable. This is accomplished by continuously monitoring airborne effluents from the
plant and implementing administrative procedures that preclude the release to the atmosphere of quantities of
radioactivity that would pose a threat to the public. Administrative procedures covering the operation of the
facility and systems that preclude releases include the Facility Operations Manual, WP (4-1; Waste Isolation
Pilot Plant Procedure Manual; and the Environmental Procedures Manual, WP 02-3.

1A.22 SOURCES OF RADIATION EXPOSURE

The sources of radiation exposure at the WIPP facility, during normal operations, are limited to the CH TRU
and RH TRU waste that will be handled at the facility. Radiation exposure for workers can be in the form of

either direct exposure or inhalation of contaminated particulate. Areas within the facility where this exposure
could occur include the Waste Handling Building (WHB) and the Underground Storage Areas.

The only radiation exposure pathway to the general public as a result of operations at the WIPP is through a
release to the atmosphere of particulate contaminated with radioactivity. These airborne emissions could
originate in either the WHB or the Underground Storage Areas.

Ventilation air discharged from the WHB is continuously passed through two stages of HEPA filters prior to
discharge. This filtration system has a calculated decontamination factor of 105, Details of the HEPA
ventilation system are presented in Section 4.4.1.

Ventilation air from the WIPP facility underground areas is not continuously filtered. Instead, the air stream is
continuously monitored by a Continuous Air Monitoring (CAM) system that is set to alarm when radiation in
the air stream exceeds predetermined set points. Under an alarm condition, ventilation flow is reduced from
the rate of 425,000 c¢fm to 60,000 cfm and diverted through the Exhaust Filter Building (EFB). The HEPA
filters in this building have a calculated decontamination factor of 10°.

1A.2.3 RADIATION EXPOSURE SOURCE TERMS

Radiation source terms have been developed to quantify possible radiation exposures from both direct and
airborne radiation sources.

1A.2.3.1 Direct Radiation rece

The direct radiation sources that are the bases for shielding design are categorized as CH TRU waste and RH
TRU waste. Other sources of radiation may include in-plant generated solid or liquid radwaste having
radiation levels that are much lower than those of the CH TRU waste; consequently, permanent shielding is not
required for the plant-generated waste areas. The source terms described for direct radiation analysis use
maximum expected values and conservative assumptions to ensure a conservative basis for radiation shielding
design.

. The 55-gallon drum is used as the reference CH TRU waste radiation source for shielding analysis because the
anticipated activity loading is higher than standard waste boxes. The CH TRU waste source container used for
this analysis is 24 inches in diameter and 35 inches high. These containers are stacked two high during handling
and three high for emplacement. With regard to the CH TRU wastes, the primary radiation of interest in
shielding calculations are gamma rays. Alpha and beta particles within the waste container are essentially
shielded by the waste containers themselves and do not contribute to the external dose. For calculations, a

1A.2-2
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spectrum representing typical waste containing TRU nuclides and fission products was derived. The average
gamma source strength used in the CH TRU calculations for design purposes (drums and boxes) is 10 mrem/h.
Current estimates indicate that the actual average surface dose rates expected for CH TRU workers will be less
than 5 mrem/h for standard waste boxes and approximately 14 mrem/h for drums.

The radiation source geometries used for shielding design for RH TRU waste calculations are a cylinder 26
inches in diameter and 121 inches long. The neutron dose rate is much smaller than the gamma dose rate.
Thus, gamma source strengths have been primarily used for shielding calculations. The rationale for this
assumption is presented in Section 6.1.2.1. The effectiveness of all shiclding, from the standpoint of neutron
sources, has been reviewed.

1 Airborne Radigtion Soyr

Concentrations of airborne radioactive materials that may exist and that could be encountered in areas
accessible to personnel during normal operations are the CH TRU waste handling area and the underground
storage areas. Inthese areas the estimated release rate is based on a resuspension mechanism whereby
contamination on the surface of the container is suspended in the room air. The calculated concentration of
airborne radioactivity is based on experimental measurements of plutonium resuspension from contaminated

surfaces and considers the following factors:
e Waste volume fraction (by generator)
e Number of containers received annually
e Container surface area
e Resuspension fraction
e Radionuclide distribution
e Surface contamination

The airborne radioactivity concentrations in the RH TRU waste handling and storage areas have been bounded
by assuming that 10 percent of the RH TRU canisters handled at the WIPP facility each year (250 canisters per
year) are contaminated to the levels indicated in Chapter 6. The amount of airborne activity that results is
estimated using a similar approach to that used for CH TRU waste.

Sources for the calculation of doses to the public are developed by incorporating the exhaust stack features into
the estimates of airborne radioactivity from CH TRU and RH TRU waste handling and storage activities. This
includes the operation of the HEPA filtration system for the WHB.

1A.2.4 CALCULATION OF RADIOLOGICAL IMPACTS OF NORMAL OPERATIONS

1A.2.4.1 On-Site D

Radiological impacts during normal operations have been estimated for the primary occupationally exposed
groups involved in waste handling operations at the WIPP facility. The results are representative values,
determined by estimating dose rates based on shielding analyses, the characterizations of the waste forms, time
and motion/manpower studies for the handling of the waste, and the estimated quantities of waste received.
The time and motion/manpower information used is based on the current concept of staffing levels and the
organization planned for WIPP facility operations.

1A2-3
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For the calculation of external radiation impacts the following items are used in the analysis:

® The avrrage dose rate for CH TRU waste drum is 14.0 mrem/hr at four inches from the surface -~ “r
the sta: -jard waste box (SWB) is estimated to be 5 mrem/hr.

o The avm dose rate for RH TRU waste transport casks and RH TRU facility cask is estimated to be
2.0 mre at four inches from the cask surfaces

The number of people who could receive radiation exposure in a given area is estimated based on projected
manpower studies for occupationally exposed groups considered in the dose assessment. In unshielded areas,
estimated exposure rates are based on the dose rates from waste containers and the expected range of distances
between radiation sources and personnel. For shi-iled areas, e.g., immediately outside the hot cell, the
exposure rate is conservatively estimated from shie . ing analyses that consider effectiveness using exper::::2ntal
waste as the design source.

Airborne contaminants can aiso contribute to the personnel dose and estimates of these annual doses have been
made for the affected body organs. The number of people and their expected exposure are estimated based on
projected facility operations.

The resultant radiological impacts are shown in Table 1A.2-1. For comparison the applicable radiation
protection standards from Order DOE 5480.11 are al: - -rovided in this table.

1A.2.4.2 Off-Site D

The estimated doses resuiting from the normal operatic:n of the WIPP facility are calculated for a hypothetical
individual assumed to be living at the WIPP Site Boundary, an area where the received exposure would be
higher than for any other member of the general population. Doses are also estimated for the total population
within a 50-mile radius of the WIPP facility as a result of normal operating releases.

The AIRDOS-EPA computer code was used to estimate the radiation dose impacts to the general public
resulting from the atmospheric releases of radionuclides from the WIPP facility. The code is capable ¢
evaluating continuous releases from as many as six different area or point sources. In general, the coa:
estimates: (1) concentrations of radioactivity in air, (2) rates of deposition on ground surfaces, (3) ground
surface concentrations, (4) intake rates by man via food ingestion and air inhalation, and (5) radiation dose
received by an adult receptor. The option is provided in the code to calculate either a maximum individual dose
or the total dose to an exposed popui: ron.

For the purpose of these caiculations, the area surrounding the WIPP site facility was modeled as a 50-mile
radius circular grid system with the WIPP facility located at the center. Site specific meteorological data typical
of annual average conditions are used by the code.

Using the ground-level concentrations in air and ground deposition rates computed from the meteorological
input, the code estimates intake rates at specified environmental locations and calculates the resuitant doses
through various modes of exposures. The modes of exposure include the following pathways: (1) immersion in
air, (2) exposure to ground surfaces contaminated by deposited radionuclides, (3) immersion in water such as
by swimming in a backyard pool, (4) inhalation of contaminated air, and (5) ingestion of food produced on
contaminated land. The total dose to each of the following organs was calculated: total body, lungs, red bone
marrow, lower large intestine wall, kidneys, liver, endosteal cells, and thyroid. The doses calculated are 50-year
dose commitments resulting from a one-year exposure at the calculated concentrations.

1A2-4
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The inhalation factors are based on the International Commission on Radiological Protection (ICRP) Task
Group Lung Model, which simulates the behavior of particulate matter in the respiratory tract. The inhalation
factors used correspond to activity mean aerodynamic diameters (AMAD) of 0.3, 1.0, and 5.0 microns.

For the calculation of population dose, the population data, agricultural and water intake area assumptions, and
beef and dairy cattle data that are specific to the area surrounding the WIPP facility were developed.

The estimated radiological impacts to the public due to normal operations are estimated in Table 1A.2-2.

The results of the dose calculations reported in Table 1A.2-2 serve as a prediction that the WIPP facility will be
operated in compliance with the release standards of 40 CFR 191 Subpart A and 40 CFR 61 Subpart H. Once
operations begin, actual measurements will be used to report releases.

The parameters used in calculating the dose to the maximally exposed individual are substantially the same as
those used in calculating the population dose except that the location of the maximally exposed individual is at
the point of highest concentration deposition beyond the WIPP Site Boundary, as determined from site-specific
average meteorological conditions.

1A.24 mm fE ur Hazar W,

An assessment of the potential for occupational and public exposure to hazardous wastes during the
operational phase of the WIPP facility is provided. This assessment considers potential release scenarios that
may arise during routine operations.

Environmental consequences of possible releases of hazardous chemicals destined for transportation to and
emplacement in the WIPP facility are analyzed through a process of risk assessment. Risk assessment is a
method of determining the likelihood and extent of adverse consequences to human health and the environment
posed by certain activities or events. This section addresses the general methodology used to assess the
potential risks posed by the hazardous chemical waste constituents.

In this assessment, hazardous chemicals available for release are predominantly volatile organic gases. The only
pathway of concern for exposure and risk from such releases is airborne diffusion and inhalation. The highest
air concentration at the WIPP Site Boundary was approximately four orders of magnitude below the minimum
detection limit using EPA standard methods. Due to the low air concentrations, the relative insolubility of
these chemicals and their tendency to break down in the atmosphere, ingestion exposure from scavenging and
deposition of contaminated particles is considered very minor and without significant risks. This pathway is not
evaluated. There is little probability that liquids will be released, as only residual liquids are allowed in the
waste, and potential pathways for liquids released in ground or surface water are nonexistent.

Metals, such as Iead, will be present in the waste. Since the primary source of the lead is shielding, the metal
will be present largely as monolithic solid lead rather than particulates. Thus, no routine pathway for exposure
to lead particulates is examined. There is the potential for lead to be melted, volatilized at its vapor pressure,
and inhaled either in a vapor or a recondensed particulate form. This inhalation pathway is evaluated for severe
accidents involving fires.

Because of the types of hazardous chemicals and the physical waste forms associated with the chemical
component of RH TRU waste, no release of hazardous chemicals during routine operations or accidents are
postulated. RH TRU mixed waste does not contain RCRA-regulated volatile organic compounds. Similar to
CH TRU mixed waste, the predominant metal is lead that is present primarily as shielding.

1A2-5
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To provide estimates of the potential occupational exposures during underground operations, a hypothetical
worker is assumed to be present in a storage chamber for an entire eight-hour shift each workday. This worker
was assumed to be exposed to the emissions of 6,000 drums per year. The exposure was based on a room
volume of 3,600 m° and an air velocity of 0.4 m/s.

To provide estimates of potential exposure to an aboveground worker, a hypothetical receptor is placed at the
maximum on-site concentration points as predicted by the air dispersion modeling of underground and
aboveground releases. The worker is assumed to remain at that location for the duration of the eight-hour shift.

This exposure model is conservative since airflow in waste chambers will place workers upstream of the face of
the storage stack. Table 1A.2-3 gives the estimated air concentrations and maximum daily does of each
hazardous chemical for aboveground and belowground workers during routine operations. Health risks
associated with these exposures are given in Tables 1A.2-4 and 1A 2-5.

Potential exposures to hypothetical residential populations in the WIPP facility area are calculated based on the
highest predicted ground level concentrations at the WIPP Site Boundary. Exposures are modeled as outlined
above.

Table 1A.2-6 gives the estimated concentrations in air of hazardous chemicals from aboveground and
belowground operations for the hypothetical residential receptor location. The maximum estimated daily
intakes for each chemical is also provided in Table 1A.2-6.
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Table 1A2-1
ON-SITE ANNUAL DOSE ESTIMATES DUE TO NORMAL OPERATIONS

DOSES DUE TO DIRECT RADIATION:

AVERAGE INDIVIDUAL DOSE
ACTIVITY rem/person/year
CH TRU WASTE HANDLING 0.68
RH TRU WASTE HANDLING 0.12
DOSES DUE TO AIRBORNE RADIOACTIVITY:
COMMITTED EFFECTIVE
DOSE EQUIVALENT
ORGAN CONSIDERED rem/person/50 years
Total Body 037
Bone 6.42
Lung 0.85
Liver 141
RADIATION PROTECTION STANDARDS - DOE ORDER 5480.11:
Stochastic Effects 5 rem (annual effective dose equivalent)
Non-Stochastic Effects
Lens of eye 15 rem (annual dose equivalent)
Extremity 50 rem (annual dose equivalent)
Skin of the whole body 50 rem (annual dose equivalent)
Organ or tissue 50 rem (annual dose equivalent)
Unborn Child
Entire gestation period 0.5 rem (annual dose equivalent)
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RADIOLOGICAL IMPACT ON THE PUBLIC DUE TO NORMAL OPERATIONS

ADULT MAXIMUM INDIVIDUAL
COMMITTED EFFECTIVE
DOSE EQUIVALENT (rem)
TOTAL
BACKGROUND
POPULATION"
COMMITTED EFFECTIVE
DOSE EQUIVALENT (person-rem)
TOTAL
BACKGROUND

" Based on population data in Table 2.1-2.

1A.2-8

17E-06

0.1

53E-04

113E+04
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Table 1A.2-3
ROUTINE RELEASES AND OCCUPATIONAL EXPOSURES
ABOVEGROUND OPERATIONS
CONCENTRATION AT ESTIMATED MAXIMUM
ABOVE GROUND RECEPTOR DAILY DOSE
CHEMICAL (ug/m*) (mg/kg/day)®
1,1,1-Trichloroethane 4 5E-07 1.0E-10
Carbon Tetrachloride 5.9E-07 1.0E-10
1,1,2-Trichloro-
1,2,2-Trifluoroethane 3.5E-07 6.0E-11
Methylene Chloride 2.0E-06 3.4E-10
Trichloroethylene 24E-07 4.1E-11
UNDERGROUND OPERATIONS
CONCENTRATION AT ESTIMATED MAXIMUM
UNDERGROUND RECEPTOR DAILY DOSE
CHEMICAL (ug/m’) (mg/kg/day)®
1,1,1-Trichloroethane 6.5 1.1E-02
Carbon Tetrachloride 8.5 15E-05
1,1,2-Trichloro- }
1,2,2-Trifluoroethane 5.0 8.6E-04
Methylene Chloride 29 49E-04
Trichloroethylene 35 S.9E-04
UNDERGROUND OPERATIONS
CONCENTRATION AT ESTIMATED MAXIMUM
ABOVEGROUND RECEPTOR DAILY DOSE
CHEMICAL (ug/m3) (mg/kg/day)e
1,1,1-Trichloroethane 1.6E-03 2.8E-07
Carbon Tetrachloride 2.1E-04 3.6E-08
1,1,2-Trichloro-
1,2,2-Trifluoroethane 1.3E-04 2.2E-08
Methylene Chloride 7.2E-04 1.2E-07
Trichloroethylene 8.7E-05 1.5E-08

2 Estimated daily dose is based on exposure to a constant 42 drum equivalent

® Estimated daily dose is based on exposure to a constant 6,000 drum equivalents

¢ Estimated daily dose is based on exposure to 17,600 drum equivalents per year up to a maximum of 88,000 drum
equivalents after five years and a subsequent 6,000 drum equivalents for the remarning 20 years of operations.

1A.29
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MAXIMUM INCREMENTAL LIFETIME EXCESS CANCER RISKS FOR ROUTINE

RELEASES OVER 25 YEARS
RECEPTORS
Aboveground ~ _ Underground

Residential Occupational Occupational
L_Ahoveground Operations
Carbon Tetrachloride 1.6E-12 1.0E-12 NA
Methylene Chloride 6.0E-13 3.9E-13 NA
Trichloroethylene 6.6E-14 42E-14 NA
11._Underground Operations
Carbon Tetrachloride 94E-10 1.1E-10 2,0E-06
Methylene Chloride 3.5E-10 4.5E-10 7.4E-07
Trichloroethylene 3.3E-11 3.9E-11 6.0E-08
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Table 1A.2-5

MAXIMUM HAZARD INDICES FOR NONCARCINOGENIC CHEMICALS FROM

ROUTINE RELEASES
RECEPTORS
Aboveground ~  Underground
Residential Occupational Occupational
I !l / DAL lQl iti ia
1,1,1-Trichloroethane 42E-11 1.2E-10 NA
1,1,2-Trichloro-
1,2,2-Trifluoroethane 6.8E-13 2.0E-12 NA
IL Und 10 tions”
1,1,1-Trichloroethane 8.0E-08 4.3E-07 1.8E-03
1,1,2Trichloro-
1,2,2-Trifluoroethane 1.2E-09 7.0E-09 2.9E-05
3 Hazard Index = Estim ily intak 42 drum equivalen

Acceptable Intake for Chronic Exposures

® Hazard Index = Estimated daily intake based on 16,000 drum equivalents per year up to 88,000 drum

equivalents after five years
Acceptable Intake for Chronic Exposures
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Table 1A2-6

ROUTINE RELEASES AND RESIDENTIAL EXPOSURES

ABOVEGROUND QPERATIONS
CONCENTRATION AT
HYPOTHETICAL RESIDENTIAL ESTIMATED
RECEPTOR DAILY DOSE

CHEMICAL (ug/m®) (mg/kg/day)®
1,1,1-Trichloroethane 9.3E-07 2.7E-10
Carbon Tetrachloride 1.2E-07 3.5E-11
1,1,2-Trichloro-

1,2,2-Trifluoroethane 7.2E-08 2.1E-11
Methylene Chloride 41E-07 12E-10
Trichloroethylene 5.0E-08 14E-11

UNDERGROUND QPERATIONS
CONCENTRATION AT THE
HYPOTHETICAL RESIDENTIAL ESTIMATED
RECEPTOR DAILY DOSE

CHEMICAL (ug/m3) (mg/kg/day)®
1,1,1-Trichloroethane 1.8E-04 5.2E-08
Carbon Tetrachloride 2.4E-05 6.8E-09
1,1,2-Trichloro-

1,2,2-Trifluoroethane 14E-05 4.0E-09
Methylene Chloride 8.1E-05 2.3E-08
Trichloroethylene 9.7E-06 2.8E-09

? Estimated daily dose is based on continuous exposure to 42 drum equivalents

® Estimated daily dose is based on continuous exposure to 16,000 drum equivalents per year 2111)p to a total of 88,000
drum equivalents after five years and a subsequent 6,000 drum equivalents for the remaining 20 years of operations.
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1A.4.3 DOSE CALCULATION MODELS

Doses to individuals located inside the facilities from an accidental release of radioactivity occur via three major
pathways: inhalation of contaminated air, external exposure resulting from immersion in contaminated air, and
exposure to contaminated ground surfaces. Lesser pathways for the radionuclides under consideration involve
ingestion of contaminated food and water and immersion in contaminated water.

For all accidents, the exposed individuals outside the facility were assumed to remain at the location of
maximum exposure for the duration of the accident. Simplified meteorological conditions were used that would
result in the highest calculated dose at each of the locations. These meteorological conditions were assumed to
last for the duration of the accident.

The AIRDOS-EPA computer code® was used to estimate the radiation dose to man resulting from the
atmospheric release of radionuclides from the WIPP facility. The code estimates: (1) concentrations of
radioactivity in air, (2) rates of deposition on ground surfaces, (3) ground surface concentrations, (4) intake
rates by man via food ingestion and air inhalation, and (5) radiation dose received by an adult receptor. For the
purpose of these calculations, the area surrounding the site was modeled as an 80-kilometer (50-mile) radius
circular grid system with the release point, either the Waste Handling Building (WHB) stack or the Exhaust
Filter Building stack, located at the center.

1A.4.4 DOSE IMPACTS DUE TO ACCIDENTS

As part of the accident analysis, each accident scenario is described briefly and the extent of damage to the
waste container involved and the amount of activity released as a result of the accident are postulated. Since
many factors interact to affect the amount of activity released and subsequently available for inhalation, it was
necessary to develop assumptions that represent realistic but still conservative estimates from available data.
Dose assessments were made for each accident scenario presented. Doses to individuals located outside the
secured area boundary (members of the public) are tabulated in Table 1A.4-3. The doses to individuals located
on the site (occupational workers) are presented in Table 1A.4-4.

1A.4.5 RISK ASSESSMENT

Fault Tree Analyses and Failure Mode Effect Analyses (FMEA) were performed on selected critical systems
within the WIPP facility. The systems evaluated were: the Waste Hoist Hydraulic Brake System, the
Construction and Salt Handling Hoist Pneumatic Brake System, and the contact handled portions of the Waste
Handling and Exhaust Filter Buildings HVAC Systems.

These studies evaluated the effects of system failures on the protection systems for personal injury, release of
radioactive materials, extended loss of functional capabilities, or damage to other equipment.

Background data and information for the Fault Tree Analyses were obtained by conducting walkdowns of the
facility, interviews with operators, and a review of operating and maintenance histories. The fault tree work was
. performed using the Westinghouse GRAFTER code system. A living model of each system studied was
created on a personal computer. This permits requantification of the system when changes to the hardware are
made, or operational failure rate data becomes available.
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1A.3 RADIOLOGICAL IMPACT OF ABNORMAL OPERATIONS

Radiological impacts of abnormal operations have been assessed. These impacts are limited to occupational
doses since the only abnormal operations identified for the WIPP facility occur in areas where ventilation air is
continuously filtered. Accidents that have been postulated for the WIPP facility are not included in the

category of abnormal operations.

Abnormal operations include tasks such as cask and waste container decontamination and repair. It is
conservatively assumed for purposes of assessing radiological impacts that 1 percent of RH shipping casks
require external decontamination and 1 percent of the CH TRU containers are damaged or contaminated to
the extent that decontamination or overpacking is required. External radiation dose to personnel for each
abnormal operational activity is shown in Table 1A.3-1.

In the CH TRU waste overpack and repair room, the estimated airborne radioactivity concentrations are based
on an assumed release of CH TRU waste from damaged containers. The release of airborne radioactivity in
areas accessible to personnel is reduced by providing additional containment for damaged containers and
operational procedures to minimize the exposure of operators to airborne radioactivity. The concentrations of
airborne radioactivity in this area are based on the estimates of radionuclide release rates into the ventilation
flow using conservative assumptions.

The estimated total dose to the personnel working in the CH overpack and repair room is presented in Table
1A.3-1. It is assumed that some RH casks may arrive at the WIPP facility containing external contamination
levels that exceed the limits in the Waste Acceptance Criteria but within the Department of Transportation
(DOT) limits.

The dose to those workers responsible for cask decontamination is calculated. The estimated total dose to the
workers responsible for cask decontamination is reported in Table 1A.3-1.

1A3-1
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Table 1A3-1

SUMMARY OF ESTIMATED DOSES DUE TO ABNORMAL OPERATIONS AT THE

WIPP FACILITY
ABNORMAL OPERATING ANNUAL EXTERNAL
ACTIVITY DOSE PERSON-REM/Y |
CH TRU WASTE HANDLING 0.11
RH CASK DECONTAMINATION 0.03
1A.3-3
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1A.4 ACCIDENTS

Accidents that may occur during the handling of radioactive waste in the WIPP facility were analyzed. The
postulated accident scenarios were developed from a thorough review of waste handling operations and past
experience at other facilities. Each accident is assigned a category according to its expected frequency of
occurrence. Furthermore, accidents are grouped according to waste types (CH TRU or RH TRU) and their
frequency category. Releases to the environment are determined for each postulated accident. For those
events where radioactivity was postulated to be released into the work area, dose assessment calculations were
performed to estimate the occupational dose commitment. Effective whole-body dose commitments were
calculated for what are considered to be three hypothetical maximum individuals. These include a person at the
worst location beyond the security fence, a person living at the WIPP Site Boundary, and a person living at the
nearest residence (Mills Ranch). -

A typical scenario of an accident releasing waste includes the following events:

e A breach of the waste container

o Exposure of a portion of the waste to the air

e Suspension of a portion of waste that is of respirable size in ventilation air

e Depletion or fallout of waste particles from the airstream where such processes are credible

o Release to the environment

e Dispersion of the airborne radioactivity and calculation of the resultant air concentrations and doses

e Cases where the worker could be exposed, dose commitments are calculated for the worker

1A.4.1 CLASSIFICATION OF ACCIDENTS

Accident scenarios for the WIPP facility were developed and are tabulated in Tables 1A.4-1 and 1A.4-2 along
with their estimated frequency.

Incidents of moderate frequency are those that are assumed to occur once a year. Infrequent incidents are
those that are assumed to occur once during the operation of the plant. Limiting incidents are those that are
not expected to occur during the life of the facility but are included in the analysis since they yield the maximum
credible release of radioactivity. Accidents whose annual probability of occurrence is less than 10 per year are
considered not credible consistent with Order DOE-AL 5481.1B. The consequences of such events are not
assessed heretn.

1A.4.2 SOURCE TERMS

The source terms used in the analyses were based on waste content information. For events of moderate
frequency, those assumed to occur once per year, the average waste package radioactivity content is assumed.
For less frequent events, the assumed waste package radioactivity content is based on the overall likelihood of
the accident scenario.

Based upon the WIPP Waste Acceptance Criteria (WAC) ! the maximum amount of respirable radioactive
particulates (those less than 10 microns in diameter) is limited to one weight-percent of a waste container
content. This respirable fraction is assumed to contain five percent of the radioactivity within the waste.

1A4-1
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The following paragraphs are a synopsis of this work.

WASTE HOIST HYDRAULIC BRAKE SYSTEM - For the present system configuration, a catastrophic hoist

accident was calculated to occur at a mean time of once every 1000 years. The specific brake system annual
probability of failure was calculated to be 2.7E-02. Since this is a relatively high value, seasitivity studics were
conducted to determine how the brake system could be made more safe. A number of options were developed.
As a result of the incorporation of improvements to the Waste Hoist Hydraulic Brake system no undue safety
hazards exist with the Waste Hoist Hydraulic Brake System. Appendix 7B provides additional information
concerning this analysis.

- The results of the analysis showed that
the probability of a catastrophic accident (a skip crashing into the bottom of the shaft or top headframe) is less
than once every million years of operation (8.8E-07)/yr. This is a very low probability and is within the
guidelines of Order DOE-AL 5481.1B, which states "any event with a probability of less than 1.0E-06/yr is
deemed extremely improbable or not credible.”

The low probability of a catastrophic accident at the Salt Handling Hoist is due to a very robust and
conservatively designed brake system coupled with a modern process control system.

VENTILATION SYSTEMS - WASTE HANDLING BUILDING AND UNDERGROQUND BUILDINGS- In
order to assess the safety aspects of the ventilation systems in the event of a release of radioactive material, a
Fault-Tree Analysis and FMEA were performed on the ventilation filtration system in the Exhaust Filter
Building (EFB) and HVAC system in the WHB. The Fault Trees modeled the systems major systems
components and operations. The FMEA summarized the findings of the Fault Tree Analysis and added insight

to the effects on system operations and personnel safety.

The overall unavailability of the EFB System was calculated to be 1.8E-04 per release event given that a
measurable release of hazardous material occurred. This in itself is a very low probability. Two single failures
(relay failures) were identified that could cause a release of hazardous material.

The overall unavailability of the WHB HVAC was calculated to be 1.4E-04 per release event - given that a
measurable release of hazardous material occurred. No single failure would lead to a measurable release to the
environment. Major contributors to these multiple failure sequences included door seal leakage, solenoid valve
failure, and operator error.

1A.4.6 SUMMARY OF ACCIDENTAL RELEASES AND EXPOSURES TO HAZARDOUS
WASTES |

The accident scenarios for hazardous chemical releases and exposures are the same as those discussed for
radiological exposures. The methodology and overall approach to modeling risks associated with chemical
releases is described in Section 6.1.7. In modeling hazardous chemical releases, it is assumed that all volatile
organics in the headspace gas are released instantaneous, if a drum is breached. Accident scenarios, releases
and exposures are summarized in Table 1A.4-5. The accident scenarios are assumed to involve potential
exposures only to the occupational population because all accidents occur either in the WHB or underground.
No significant public exposures are expected to occur due to the initial low concentrations released and the
subsequent dilution as a function of distance. The exposures are assumed to occur for a period of 15 seconds,
consistent with the 25 cm/s air flow rate in the WHB. Underground exposure duration is also assumed to be 15
seconds, although airflow rate is predicted to be 0.4m/s. This 15-second exposure duration is consistent with
radiological occupational exposure calculations.

1A.4-3
MAY 1990



SHVI

0661 AVIN

Table 1A.4-1

ACCIDENT SCENARIOS INVOLVING CONTACT HANDLED TRU WASTE

Accident Estimated
Area 1D Frequency Paossible Accident Scenario

Radiological Control Area Qutside of WHB Co MF Forklift knocks TRUPACT II from trailer
Offloading/Loading c1 MF Vehicle collision in offloading arca
Inventory/Preparation C2 MF Drum drops from forklift

c3 MF Drum punctured by forklift
Underground Storage C4 MF Transporter hits pallet

Cs MF Drums drop from forklift

Cé6 MF Other equipment punctures drums
Inventory/Preparation C7 LIM (NC) Spontaneous ignition within a drum
Hoist Loading Area C8 ~ LIM (NC) A loaded hoist cage drops down Waste Shaft
Underground Storage C9 LIM (NC) Diesel fire in storage array underground

C10 LIM Spontaneous ignition within a drum

MF - Moderate Frequency
INF - Infrequent

LIM - Limiting

NC - Not Credible

AVSA ddIM

0°ATd
6-720 dM




9v'VI

066T AVIN

Table 1A.4-2

ACCIDENT SCENARIOS INVOLVING REMOTE HANDLED TRU WASTE

Accident Estimated
Area ID Frequency Possible Accident Scenario

Receiving R1 MF Crane strikes shipping cask

R2 INF Shipping cask drops from crane

R3 INF Shipping cask drops in the cask preparation area
Hot cell R4 INF RH waste canister drops from hot cell into transfer cell
Hoist cage loading area R5 LIM (NC) A loaded hoist cage drops down waste handling shaft

with a canister of RH TRU waste

Underground storage R6 LIM Fire in RH waste storage area

MF - Moderate Frequency
INF - Infrequent

LIM - Limiting

NC - Not Credible

dVSd ddiM
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Table 1A.4-3

DOSE COMMITMENTS TO INDIVIDUALS OFF SITE

Environmental Location of Committed Effective
Accident Release, PE-Ci Exposure Dose Equivalent (rem)'
Co None = —meeme- —
C1 None  ceeeee- ——
C2 1.6E-10 Maximum Individual 5.6E-10
WIPP Site Boundary 4.8E-10
Mills Ranch 3.5E-10
C3 29E-10 Maximum Individual 1.0E-09
WIPP Site Boundary 8.7E-10
Mills Ranch 6.4E-10
C4 1.3E-04 Maximum Individual 4.6E-04
WIPP Site Boundary 3.9E-04
.o Mills Ranch 29E-04
cs T e e
C6 23E-04 Maximum Individual 8.1E-4
WIPP Site Boundary 6.9E-04
‘ Mills Ranch 5.1E-04
c7 NC e e
C8 NC e e
co NC e e
C10 5.0E-01 Maximum Individual 1.7E+00
WIPP Site Boundary 15E+00
Mills Ranch 11E+00
R1 None e e
R2 None  eemee e
R3 None = e e
R4 5.0E-10 Maximum Individual 1.8E-09
33E-10% WIPP Site Boundary 1.5E-09
Mills Ranch 1.1E-09
RS NC e e
R6 None e eemeeee

* These values derived using AIRDOS-EPA computer code (see Section 7.2.2.1.2)
**Bounded by C4

*Mixed fission and activation products

NC - Not Credible

1A.4-7
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1A.5.2 CONCLUSIONS WITH REGARD TO STRUCTURES

The WIPP {acility is divided into three basic groups of structures: surface structures, shafts, and underground
structures. These are described in the following paragraphs.

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 primary surface operations at the WIPP facility are conducted at the Waste Handling Building (WHB)
which is divided into several separate areas: the CH TRU waste handling area, the RH TRU waste handling
area, the TRUPACT II maintenance facility, and support areas.

The Exhaust Filter Building (EFB) contains banks of high-efficiency particulate air (HEPA) filters that will be
used to filter air from the underground when an alarm condition is indicated. The underground ventilation
system fans are located outside, adjacent to this building.

The Support Building provides office space, radiological control laboratories, change rooms, and houses the
Central Monitoring System (CMS) computer.

The other surface facilities include the Warehouse buildings, the Guard and Security Building, the Safety and
Emergency Services Building, a sewage treatment plant, and other auxiliary buildings.

Salt from the underground mining operations is brought to the surface and stored in the salt pile north of the
surface facilities. While stored salt does not pose a threat to human health, it is actively monitored to ensure
environmental effects are minimal.

The WIPP facility is composed of four shafts connected to a single underground facility level. The Salt
Handling (SH) Shaft provides the only means for removing mined materials from the underground. The Air
Intake Shaft (AIS) serves as the primary air intake opening. The Waste Shaft is designed to permit the
transport of radioactive waste between the surface waste handling structures and the underground storage area
in addition to transport of personnel. The Exhaust Shaft exhausts all air from the underground facility. All four
shafts have three principal constituents: a lined section penetrating the rock overburden; an unlined section
penetrating the salt; and a key at the rock/salt contact to act as a transition from the lined section to the unlined
section. '

The storage level contains all of the underground structures for waste handling, waste storage, operations and
maintenance. All of the underground horizontal openings are rectangular in cross section except for a smail
number of experimental openings. The drift configurations range from 8 feet to 13 feet high and 12 feet to

33 feet wide.

A typical storage panel consists of up to seven storage rooms. Each is 33 feet wide, 13 feet high, and 300 feet
long. The storage rooms are separated by pillars of salt 100 feet wide and 300 feet long.

As part of the safety analysis for the WIPP facility, Failure Mode and Effects Analysis (FMEAs) were
performed for the following: ‘

e Waste Hoist
o Waste Handling Building HVAC System
e Exhaust Filter Building Ventilation System

1A.5-2
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Table 1A.4-4

DOSE COMMITMENTS TO EXPOSED WORKERS

Committed Effective
Dose Equivalent (CEDE) (rem)

WP 02-9
Rev.0

C2
C3“
C4

C6

0.7

13

52

92

* For the accidents not listed, the accident is considered to be either not credible, no release is expected, or no

worker is present. See the text for details.
* Calculated CEDEs based on average container loading of 12.9 PE-Ci

** Calculated to worker located at 20 feet.
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When the RH TRU canister is ready for emplacement, the canister is lifted from the transfer cell into the
shielded facility cask. The facility cask is moved to the hoist cage for transfer to the storage horizon. At the
storage horizon the facility cask is unloaded from the hoist cage and moved to the storage room. The cask is
placed on the emplacement/retrieval machine assembly and the canister is inserted into a horizontal borehole in
the room wall. The boreholes will contain liners (sleeves) to facilitate retrieval until the decision is to make the
WIPP facility a permanent repository. A shield plug is inserted in the hole to provide radiation shielding.

The retrieval of CH TRU waste if required will be essentially the reverse of the storage operation. The
personnel will wear the appropriate protective equipment during this operation and contamination control
procedures will be in force, as necessary. Any damaged containers will be overpacked prior to their removal
from the contamination control area.

RH TRU waste retrieval requires that the facility cask be placed in alignment with the emplaced canister using
the same equipment as used for emplacement. The shield plug is removed, and the canister grappled and
drawn into the facility cask. The facility cask is closed and returned to the surface reversing the storage
sequence.

FMEAs have been prepared for both the CH and RH TRU waste operations. The conclusion from these
FMEA:s is that the plant can be operated in a manner that protects the public and the environment and that
restricts the radiation dose to operators to as low as reasonable achievable (ALARA). This objective is
accomplished through the imposition of operating procedures that reflect the specifications provided in the
WIPP Operational Safety Requirements.

Analysis of operator doses indicate that the goal of keeping doses to less than 1 rem/year is achievable for
normal operations. Potential accidents that would result from a failure in operations are shown to have no
significant impact on the public. This leads to the conclusion that the operations of the WIPP facility are
sufficient to protect the health and safety of the public and workers, and to protect the environment.

1A.5.4 CONCLUSION REGARDING LONG-TERM PERFORMANCE

Initial consequence analysis®* projecting the long-term performance of the WIPP facility showed that no
significant consequences were expected to occur for thousands of years and confirmed the favorable
characteristics of the site. These initial consequence analyses are summarized in Chapter 8. New standards
have promuigated since the completion of the consequence analysis. These standards (40 CFR Part 191)
require that the DOE calculate a probabilistic assessment of performance and compare the result to certain
standards. This latter activity is still in process as described in Chapter 8. No conclusions can be made at this
time as to the ability of the reference design to meet these standards.
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Table 1A.4-5

RELEASES, WORKER EXPOSURES, AND ESTIMATED INTAKES FROM
PROJECTED ACCIDENTS DURING WIPP FACILITY OPERATIONS

Concentration Estimated
Release at Receptor® Intake®
Accident® Chemical @ (mﬂn3) (mg/exposure)
C2 CClL 2.7E - 01 S8E-01 14E - 02
MeCl 6.9E - 02 1.5E-01 3.7E-03
TCA 19E+00 4.1E +00 1.0E-01
Freon 1.8E-01 38E-01 9.5E-03
TCE 1.0E - 01 22E-01 S.4E -03
C3 CCls 8.2E-01 1.7E+00 43E-02
MeCl 21E-01 44E - 01 1.1E-02
TCA 58E+00 1.2E+01 3.1E-01
Freon S4E-01 11E+00 29E -02
TCE 3.1E-01 6.5E - 01 1.6E - 02
C4/C5 CCL 27E-01 33E+00 2.1E-02
MeCl 6.9E - 02 83E-01 S2E-03
TCA 19E +00 23E+01 1.5E - 01
Freon 1.8E - 01 22E+00 1.4E-02
TCE 1.0E - 01 1.2E+00 7.8E - 03
C6 CCly 8.2E -01 9.8E +00 6.2E-02
MeCl 21E-01 25E+00 1.6E - 02
TCA S8E+00 7.0E +01 44E - 01
Freon S4E - 01 6.5E +00 41E-02
TCE 3.1E-01 3.JE+00 23E-02
C10 CCls 27E-01 33E+00 2.1E - 02
MeCl 6.9E - 02 8.3E-01 52E-03
TCA 1.9E +00 23E+01 1.5E-01
Freon 1.8E -01 22E+00 14E - 02
TCE 1.0E - 01 1.2E+00 7.8E - 03
Lead 2.7E - 07 43E - 08 1.6E - 07

@ Modeled as a hemispheric cloud expanding at a rate equivalent to the ventilation flow rate in the accident area.
® Estimated intakes are based on the formula; Intake = Receptor Conc. xRespiratory Volume x Exposure Period.
The transfer coefficient is assumed to be 1.00 for all chemicals. Respiratory volume 1s assumed to be 12 m>/work
day and the exposure periods are given in Section 7.3.

€ A detailed description of the accident scenarios is given in Section 7.3.
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1A.S CONCLUSIONS

The Waste Isolation Pilot Plant (WIPP) facility is being developed by the U.S. Department of Energy (DOE) as
a research and development facility to demonstrate the safe disposal of radioactive waste from U.S. defense
programs. The facility is located in southeastern New Mexico, about 25 miles east of the city of Carlsbad.
Underground development is at a depth of about 2,150 feet in thick deposits of bedded salt. The facility
operation will include in situ nonradioactive experiments addressing technical issues for defense waste
programs and storage of defense related contact handled (CH) and remote handled (RH) transuranic (TRU)
waste. In addition, a test plan is being prepared for the first five years of operation of the WIPP facility. This
plan will include experiments and evaluations to support compliance activities and operational demonstrations.
Details of this program will be available once the test plan is formally issued. This section provides conclusions
with regard to the adequacy of the location of the WIPP facility, the WIPP facility itself, and the facilities, and
the operations to protect the safety of the public and the workforce and the environment.

1A.5.1 CONCLUSIONS REGARDING THE LOCATION OF THE WIPP FACILITY
AND UNDERGROUND DESIGN

Geologic characterization of the location of the WIPP facility began with a literature review and continued with
the collection of field data. Special emphasis was placed on correlating data obtained from seismic reflection
and resistivity surveys and borehole drilling. Design information regarding stratigraphy for the ground surface
to about 250 feet below the underground facility level was developed from geologic data obtained from drill
holes and from exploratory and ventilation shafts. The engineering designs for the WIPP surface and
underground structures began with the conceptual design, initiated in 1975 and completed in 1977.! The
conceptual design provided the basis for the development of the preliminary design of both the surface and
underground structures, which was completed in January 1980.2 The preliminary design incorporated the
conventional room and pillar method for underground development.

Design of the WIPP facility provided for the access and storage openings to remain stable and provide
minimum clearance for equipment during waste emplacement and for an additional ten years, even though
these openings will eventually close due to salt creep. Modeling techniques were used to estimate the
geomechanical behavior and structural stability of the openings. The preliminary design included numerical
modeling of the selected underground opening configurations. These models were used to predict opening
closures and augmented other conventional mining industry methods of stability evaluation.

The adequacy of the WIPP facility underground reference design was subjected to a design validation process.
Design validation of the WIPP facility was the process by which the reference design of the underground
openings was confirmed by determining the compatibility of the design criteria, design bases and reference
design configurations using site-specific information. The design validation process consisted of an assessment
of the condition and behavior of shafts, drifts and a full-sized, four-room test panel.

Site investigations including the Site and Preliminary Design Validation (SPDV) program, and subsequent
design validation activities have led to the conclusion that all design criteria could be met, that the design for the
WIPP underground structure is suitable, and that the facility could be used for its intended purpose in a safe
manner. Recommended modifications are detailed in the Design Validation Report (DVFR)? that were
needed to meet all the design criteria. These modifications were necessitated by initial creep rates three to four
times higher than expected in the underground openings. Modifications include the deferral of backfilling
during the Test Phase and an increase in underground monitoring and have been implemented to ensure the
retrievability of TRU wastes. These modifications are discussed in Section 1.5.3.
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Table 1A2-1
ON-SITE ANNUAL DOSE ESTIMATES DUE TO NORMAL OPERATIONS

DOSES DUE TO DIRECT RADIATION:

4 AVERAGE INDIVIDUAL DOSE
ACTIVITY rem/person/year
CH TRU WASTE HANDLING 0.68
RH TRU WASTE HANDLING 0.12
DOSES DUE TO AIRBORNE RADIOACTIVITY:
COMMITTED EFFECTIVE
DOSE EQUIVALENT
ORGAN CONSIDERED rem/person/S0 years
Total Body 0.37
Bone . 642
Lung 0.85
Liver 141
RADIATION PROTECTION STANDARDS - DOE ORDER 5480.11:
Stochastic Effects 5 rem (annual effective dose equivalent)
Non- hasti
Lens of eye 15 rem (annual dose equivalent)
Extremity 50 rem (annual dose equivalent)
Skin of the whole body 50 rem (annual dose equivalent)
Organ or tissue 50 rem (annual dose equivalent)
Unborn Child
Entire gestation period 0.5 rem (annual dose equivalent)

1A.2-7
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e CMR and Instrument Shop HVAC System

e Support Building Laboratory Areas HVAC System

e Underground Ventilation System

o Surface Electrical System

° Uﬁderground Electrical System

e Waste Handling and Support Building

e Fire Protection System

e Site-Generated Waste Treatment System

e Security and Access Control Waste Handling and Support Buildings
o Underground Fuel Area

These FMEAs show that the structures and equipment are adequately protected to prevent a failure that would
jeopardize the safety of the public or operating personnel or the environment.

In addition, accident scenarios which consider the radiological consequences of potential equipment failures
were analyzed. The conclusion from these analysis is that under no circumstances will the public health and
safety be subjected to significant risks. Details of these accidents are provided in Chapter 7 and in Reference 4.

1A.5.3 CONCLUSIONS REGARDING OPERATIONS

The WIPP facility operations entail receiving, unloading, and transferring of radioactive wastes from the surface
to the underground storage rooms. Transporters carrying radioactive waste arrive at the WIPP facility and are
surveyed for external contamination prior to their offloading the TRUPACT Il in the Radiologically
Controlled Area (RCA) adjacent to the WHB.

The waste received for placement in the WIPP facility must conform with the WIPP Waste Acceptance
Criteria> (WAC), unless an exception to the WAC has been approved as a result of examination in relation to
this FSAR. The CH TRU waste shipping container is moved from the RCA to the CH TRU handling area of
the WHB and placed in an unloading dock. The container is vented, opened, surveyed for radiation and
contamination and the waste is removed and placed on a facility pallet. This pallet is then transferred to the
cage loading car, which is moved into the hoist cage used in the Waste Shaft for transfer to the storage horizon.

At the storage horizon, the pallet is removed from the hoist cage, placed on the underground transporter, and
moved to the CH TRU waste storage room. In the storage room, the containers are removed from the pallet
and placed in the waste stack. The empty pallet is returned to the surface for reuse.

The RH TRU waste handling area of the WHB has an entry for truck or rail shipments. The RH TRU waste
will be shipped in shielded Nuclear Regulatory Commission NRC-certified casks. The cask is surveyed for
radiation and contamination levels, unloaded from the transporter and moved to the cask preparation station.
The cask is inspected and the outer lid is removed. It is then moved to the unloading room of the hot cell. The
inner cask lid and the RH TRU canister are removed from the cask and lifted into the hot cell.

In the hot cell, the canister is inspected. The canister can be overpacked, if necessary, and then lowered into
the transfer cell. The transfer cell provides a temporary storage area, if needed.

1A5-3
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Table 1A.2-2

RADIOLOGICAL IMPACT ON THE PUBLIC DUE TO NORMAL OPERATIONS

ADULT MAXIMUM INDIVIDUAL

COMMITTED EFFECTIVE

DOSE EQUIVALENT (rem)
TOTAL 1.7E-06
BACKGROUND 01
POPULATION"

COMMITTED EFFECTIVE

DOSE EQUIVALENT (person-rem)

TOTAL 53E-04
BACKGROUND 1L.13E+04

" Based on population data in Table 2.1-2.
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Table 1A.2-3
ROUTINE RELEASES AND OCCUPATIONAL EXPOSURES
ABOVEGROUND OPERATIONS
CONCENTRATION AT ESTIMATED MAXIMUM
ABOVE GROUND RECEPTOR DAILY DOSE
CHEMICAL (ug/m’) (mg/kg/day)
1,1,1-Trichloroethane 45E-07 1.0E-10
Carbon Tetrachloride 59E-07 1.0E-10
1,1,2-Trichloro-
1,2,2-Trifluoroethane 3.5E-07 6.0E-11
Methylene Chloride 2.0E-06 3.4E-10
Trichloroethylene 2.4E-07 41E-11
UNDERGROUND OPERATIONS
CONCENTRATION AT ESTIMATED MAXIMUM
UNDERGROUND RECEPTOR DAILY DOSE
CHEMICAL (ug/m’) (mg/kg/day)”
1,1,1-Trichlorocthane 6.5 11E-02
Carbon Tetrachloride 85 1.5E-05
1,1,2-Trichloro-
1,2,2-Trifluoroethane 50 8.6E-04
Methylene Chloride 29 4.9E-04
Trichloroethylene 35 5.9E-04
UNDERGROUND OPERATIONS
CONCENTRATION AT ESTIMATED MAXIMUM
ABOVEGROUND RECEPTOR DAILY DOSE
CHEMICAL (ug/m3) (mg/kg/day)c
1,1,1-Trichloroethane 1.6E-03 2.8E-07
Carbon Tetrachloride 21E-04 3.6E-08
1,1,2-Trichloro-
1,2,2-Trifluoroethane 13E-04 22E-08
Methylene Chloride 7.2E-04 1.2E-07
Trichloroethylene 8.7E-05 1.5E-08

? Estimated daily dose is based on exposure to a constant 42 drum equivalent

® Estimated daily dose is based on exposure to a constant 6,000 drum equivalents

¢ Estimated daily dose is based on exposure to 17,600 drum equivalents per year up to a maximum of 88,000 drum
equivalents after five years and a subsequent 6,000 drum equivalents for the remaining 20 years of operations.
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CHAPTER 2
SITE CHARACTERISTICS

Information on the location of the WIPP facility and a description of the characteristics of the local
environment that influence the design bases of the WIPP facility are presented in this chapter.

2.1 GE D DEMOGRAP F AR WIPP
FACILITY

2.1.1 WIPP FACILITY LOCATION AND DESCRIPTION

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

Prominent natural features within five miles of the center of the WIPP facility are described in detail in Section
2.7 and include Livingston Ridge and Nash Draw, which are located about five miles west of the WIPP facility.
Livingston Ridge, the most prominent physiographic feature near the WIPP facility, is a northwest facing bluff
(about 75 feet high) that marks the east edge of Nash Draw (a shallow drainage course about five miles wide).
Descriptions of Nash Draw and Livingston Ridge are presented in Section 2.7.1.

Other prominent natural features are the Pecos River which is about 14 miles west of the WIPP facility at its
nearest point (river mile 430), and Carlsbad Caverns National Park which is more than 42 miles west southwest
of the WIPP facility. The nearest prominent man-made features are the city of Loving (with a 1986 population
of approximately 1450) which is 18 miles west southwest, and the city of Carlsbad (with a 1986 population of
about 27,000) which is 26 miles west of the WIPP facility.

1.1.1 P Facility Ar

The area of land that lies within the WIPP Site Boundary and committed to the WIPP facility is a square

four miles on a side. It contains 10,240 acres (16 miz) 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 in Sections 20 and 21 of T22S, R31E. This fenced area is known as Zone I (Section
4.1.2.2). The location and orientation of the WIPP facility surface structures are shown in Figure 2.1-2. These
structures include the Waste Handling Building (WHB) where radioactive waste is received and prepared for
underground storage, a TRUPACT II Maintenance Facility for the inspection, maintenance, and minor repair
of TRUPACT IIs, four shafts to the underground area, a Support Building containing laboratory and office
facilities, showers, change rooms and equipment storage areas for underground workers, an Exhaust Filter
Building (EFB), a water supply system, sewage stabilization ponds, and other auxiliary buildings. In addition,
there are two mined-rock (salt) piles, and an evaporation pond for collecting salt pile runoff. A sanitary landfill
location is shown on WIPP facility drawings, but a decision has been made not to develop this landfill at this

time.

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. County
Road 802 crosses the WIPP Site Boundary as the south access road, but it will be blocked to control traffic prior
to receipt of waste. There are four natural gas pipelines that traverse the vicinity of the WIPP facility. One
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pipeline that is within the WIPP Site Boundary is oriented northeast southwest and is about 1.2 miles north of
the center of the WIPP surface structures at its closest point. This pipeline, along with other pipelines in the
area of the WIPP facility, is discussed in Section 2.2.4.

The areas that have been désignatcd as subdivisions within the WIPP Site Boundary are defined below and
depicted in Figure 2.1-3.

Zone I is an area of approximately 35 acres surrounded by a chain link fence. Most of the WIPP facility surface
structures are to be located within this area. Structures not located here include the salt storage piles, the
proposed sanitary landfill, and the wastewater stabilization ponds. '

The Secured Area (not shown in Figure 2.1.3) is an area of approximately 1,500 acres surrounded by a barbed
wire fence. Access to this area will be restricted.

Zone II overlies the maximum extent of the area for underground development.
The WIPP Site Boundary provides a minimum of a one mile wide buffer area of intact salt around Zone II.

The WIPP Site Boundary encompasses an area of 10,240 acres (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.

Information regarding control of activities in each zone is presented in Section 2.1.2.2.

2.1.12 Boundaries for Establishing Operational Effluent Release Limit

The Radiologically Controlled Area (RCA) in the southern portion of Zone I, including the WHB and areas
where the waste transporters are stored, is surrounded by a chain link fence. This area is shown in Figure 2.1-2.
Within this area, radioactive material concentration limits in the plant effluents shall be in accordance with
Order DOE 5480.11. The requirements of this order will also be fulfilled outside of the RCA. The related "As
Low As Reasonably Achievable (ALARA)" provisions of Order DOE 5480.11 shall apply to all areas.

It should be noted that the boundary of the RCA does not correspond with the boundary for Control Zone I
(Section 2.1.2.2). The RCA is about one third the size of Control Zone I and is contained entirely within it.
Only specifically authorized persons will have access to the RCA.

During routine operations, releases of radioactive effluents will be very small. Releases will be restricted so as
to limit doses to any member of the public to limits established by the requirements of 40 CFR 191 Subpart A,
and consistent with limits established by the DOE, based on guidelines recommended by the International
Council of Radiation Protection. Dose limits specified are as follows:

RADIATION STANDARDS FOR PROTECTION OF THE PUBLIC
IN THE VICINITY OF DOE FACILITIES

A. Dose Limits

1. All Pathways (Order DOE 5480.11)

2.1-2
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The effective dose equivalent for any member of the public from all routine DOE operations (natural
background and medical exposures excluded) shall not exceed the values given below:

Effective Dose Equivalent

mrem/year (mSv/year)
Occasional annual exposures 500 ()
Prolonged period of exposure 100 @

No individual organ shall receive a committed effective dose equivalent of 5 rem/year
(50 mSv/year) or greater.

2. All Pathways (Limits of 40 CFR 191, Subpart A)

Dose Equivalent
mrem/year (mSv/year)
Whole-body dose 25 (0.25)
Any organ 75 (0.75)

For the purposes of applying these dose limits, 40 CFR 191 Subpart A defines the receptor as "any member of
the public in the general environment." Any member of the public is any individual except when he/she is a
worker at the WIPP facility. The general environment incorporates areas outside the WIPP Site Boundary.
The WIPP Site Boundary is defined in Section 2.1.1.

The WIPP facility was designed to conform to the requirements of Order DOE 6430.1, Chapter 1, Section 3i(5),
which delineates radiological siting requirements for nonreactor facilities. For the purpose of demonstrating
compliance with these design requirements for accident analysis, the dose resulting from an accidental release
is based on calculations to an individual located at the point of highest concentration within any public access
area around the WIPP facility.

2.1.2 EXCLUSION AREA LAND USE AND CONTROL

2.1.2.1 Authority

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

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

Consistant with the mission of the WIPP facility, lands within and around the WIPP Site Boundary are
administered according to a multiple land use policy. These uses include agricultural uses, mineral extractions,

- and others.
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2.12.1.1 Agricultural Uses

All the land within the WIPP Site Boundary has been leased for grazing, which is the only significant
agricultural activity in the vicinity of the WIPP facility. There are two leaseholders as shown in Figure 2.1-4.
The Smith Ranch, owned by Kenneth Smith, Inc, of Carlsbad, New Mexico, has lease rights to 2880 acres within
the northern portion of the WIPP Site Boundary. J. C. Mills of Abernathy, Texas, owner of the Mills Ranch,
has lease rights to 7360 acres within the southern portion of the WIPP Site Boundary.

2.12.12 Potash Leases

Previously about one sixth of the land inside the WIPP Site Boundary has been leased or has applications
pending for potash exploration. As shown in Figure 2.1-5, 1600 acres are now leased by one company that is
already operating a mine in the Carlsbad potash area. This lease is not being developed currently. This lease is
being sought by the DOE. Shouid the BLM receive an application to develop a lease on federal land they will
notify the DOE. Upon notification, the DOE will evaluate the development plans and take appropriate action.
No potash development will be allowed within the WIPP Site Boundary during or following waste operations.

2.12.1.3 Qil and Gas Leases

Previously, a large amount of land within and around the WIPP Site Boundary was leased to oil companies for
oil and gas exploration. Since the beginning of studies in the vicinity of the WIPP facility, all oil and gas leases
within the WIPP Site Boundary have expired. These expirations were necessary to keep the sait beds intact
since exploratory drill holes could penetrate the salt, which the underground storage areas will occupy

2.12.1.4 Water Use

There are no significant uses of surface or groundwater in the vicinity of the WIPP facility. Several windmills
have been erected throughout the area to pump groundwater for livestock watering. Additionally, several
ponds have been created to capture runoff for livestock.

2122 ntrol of Activities Unrelated to Plant Operation

The WIPP facility is divided into areas defined in Section 2.1.1.1 and shown in Figure 2.1-3.

Within Zone I, public access is restricted to employees and approved visitors. Within the Secured Arga access
is restricted to authorized personnel and vehicles. Only drilling and mining associated with the WIPP Project is
permitted in Zone I and the Secured Area. Zone II has an area of about 1800 acres and overlies the maximum
extent of underground development. All radioactive waste is emplaced underground in this zone. Most of
Zone II lies within the Secured Area perimeter fence. In addition, small areas have been fenced to control
access to material storage areas, borrow pits, the wastewater treatment plant, and biological study plots.
Livestock will be permxtted in this zone until current lease arrangements established with the Bureau of Land
Management expire. Only drilling and mining carried out by the DOE is permitted within this zone.

A buffer zone between Zone II and the WIPP Site Boundary has an outside diameter of four miles and an area
of about 8190 acres. It is not fenced, and grazing is permitted. With the DOE’s permission, shallow wells may
be drilled for watering livestock, but no other drilling or mining is permitted.

The buffer zone provided between Zone II and the WIPP Site Boundary consists of a minimum of one mile of

intact salt surrounding the waste cmplacement areas. This thickness was specified based on recommendations
made by Oak Ridge National Laboratory' (ORNL). The ORNL recommendation of one to five miles for the
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size of the buffer zone was to preclude unacceptable penetration of the salt formation. The ORNL stated that
the actual size of the buffer must be based on site dependent factors including drilling operations, mining
operations and salt dissolution rates. This was addressed in the Geological Characterization Report2 where the
authors state that the one mile buffer should provide more than 250,000 years of isolation using very
conservative flow assumptions. ~

This buffer zone is considered to be adequate for protection from potential mining activities as well. In this
regard, two considerations are mineral extraction by solution mining and conventional mining activities using

explosives.

Regarding solution mining, Section 9.7.1.6 of the FEIS discusses solution mining and provides rationale as to
why solution mining poses no threat to long-term isolation at the WIPP. Blasting effects are not considered a
threat because of the limited use of explosives for mining (currently only one company uses conventional
mining) and the relatively small sizes of the charges used. The DOE will not exercise any control or impose any
restrictions on land use outside the WIPP Site Boundary, with the exception of rights of way granted for
highway, railroad, power line,and waterline access to the WIPP facility. In addition, due to the low level of
radioactive releases during any postulated accident, as discussed in Chapter 7 immediate evacuation will not be
necessary for persons involved in activities outside Zone I

2.1.23 Arrangements for Traffi ntrol

The unimproved roads that traverse the area within the WIPP Site Boundary are not to be controlled because
traffic is sporadic. Since the area is not traversed by state or federal highways, railways, or waterways other than
the WIPP access roads and a rail line, control of local traffic in the event of an emergency will be accomplished

with barricades.

2.1.24 Ahandgnmgnt g'r Relocation of Roads

. No public roads have to be relocated because of the WIPP construction or operations.

2.1.3 POPULATION DISTRIBUTION

Towns and cities within 50 miles of the WIPP facility are shown in Figure 2.1-1. The WIPP facility and the area
within 10 miles are shown in Figure 2.1-6.

2 1 Population within il

Within a 10 mile radius of the WIPP facility, there are currently 26 permanent residents. Eight people live at
the Mills Ranch about 3.5 miles south southwest of the WIPP facility.3 Ten people live at the Smith ranch about
5.5 miles west northwest of the WIPP facility* (Figure 2.1-6). Three people live at Pue’s store, about nine miles
west northwest of the WIPP facility.s Five ?eople currently reside at the newly constructed Mobley ranch,

seven miles southwest of the WIPP facility.

There are no communities within 10 miles of the WIPP facility. The nearest community is Loving, which is 18
miles from the WIPP facility (Figure 2.1-1).

2.1-5
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2132 P ion within il

The area within a 50 mile radius of the WIPP facility is shown in Figure 2. 1-1 In 1976, there were about 94,000
people living within 50 miles of the WIPP facility as shown in Table 2. 1-18 By the year 2005, the estimated
population will be about 204,000.” Tables 2.1-2 through 2.1-5 show pro_;ected populations for the years 1985,
1990, 1995, and 2005. Population projections are made assuming maximum impact on Carlsbad Growth rates
were taken from the University of New Mexico Bureau of Business and Economic Research’ (BBER) report

"Population Projections for New Mexico Counties 1980-2005, 1986." Figure 2.1-7 shows the population within 50
miles of the WIPP facility by sector for 1985.

The University of New Mexico’s Bureau of Business and Economic Research has recently (November 1986)
published population data for Lea and Eddy County for 1985, and estimates of growth rates through 2005.7
Population and growth rates for selected cities within these counties for 1980-1984 were compiled by the U.S.
Census Bureau. outhwcstcm Public Service Company (SPS) has also published population figures for 1980
and 1985 for selected cities.3!! In addition, a phone survey of city managers and the Chamber of Commerce
for cities within 50 miles of the WIPP facility was conducted in February 1987 to provide data on 1986
populations.lz'19 There were discrepancies in 1980 figures among these sources. An average "urban”
population growth rate was calculated from all available data for each city. Sectors containing these cities were
then projected to grow at the same rate as the cities. Sectors without major population areas were projected to
grow at the same rate as the county they are in. Where sectors encompass more than one county, the
population growth rate was apportioned by relative area and growth rate of each county. Where sectors divide
a city, population was apportioned according to the ratio of city area in each. Population projections for Texas
counties were not available,

Sectors in these counties were projected to grow at the same rate as the adjoining county in New Mexico. In
some sectors, the 1980 population was shown as zero. Based on current land use, ownership and potential for
development, no future growth was projected for these sectors.

Determinations of current population within 10 miles of the WIPP facility were made by field survey.

Population projections for 1990, 1995, and 2005 were made using projected county rates for these years in the
BBER (November 1986) report. Projections beyond 2005 are not available. Projections assume a county-wide
uniform growth rate, for developed as well as unincorporated areas, and should be interpreted cautiously. Most
urban areas in these counties will develop at different rates than rural areas, some of which are held as BLM
lands or as leased mineral development lands. The projections are made using a uniform average density and
growth rate in each sector.

2.1 Transient Population

The transient population within five miles of the WIPP facility is associated with ranching, maintenance of oil
and gas wells and hunting. The three ranches with property within 10 miles of the WIPP facility are the Mills,
Smith and Mobley ranches. Only Mills Ranch, owned by J.C. Mills, has a ranch house located within five miles
of the WIPP facility. It is 3.5 miles south southwest of the WIPP facility and has a permanent population of
eight. During two months in the spring and one month in the fall, an additional twelve seasonal part-time
employees work at the ranch and take part in cattle roundup. The Smith ranch house is about 5.5 miles west
northwest of the WIPP facility. The ranch has a permanent population of ten from March through April and
September through October. About 18 seasonal part-time employees work at the ranch and participate
primarily in cattle roundup. The Mobley ranch, seven miles southwest of the WIPP facility has a permanent
population of five. There may be as many as three to four persons on any day working on the maintenance of oil
and gas wells within five miles of the WIPP facility.

2.1-6
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Within the five miles area there are as many as 100 to 150 hunters on weekends during the hunting season, with
the largest number of hunters in the area from the third weekend in November to the third weekend in
J anuary Another recreational activity, four-wheel vehicle driving, occurs within this area. This involves about

one to two vehicles a week, year round.

- From five to 10 miles from the WIPP facility, the major transient population is associated with potash mining,
The three mining operations within 10 miles of the WIPP facility employ a maximum of 359 people per shift
with 451 people present during shift changes. 21-23 The Jocations of the mines are shown in Figure 2.1-6; the
number of employees may vary at the various mining operations within the 10 mile radius. During the
1966-1970 period, the number dropped significantly because of a decrease in demand for potash from the
Carlsbad area. A similar decline in potash production began in 1985, resulting in reductions in work forces at
most mines. Fluctuations in potash production in response to demand will probably continue; however,
expectations are that the maximum mining employment (Table 2.1-6) will not be exceeded.

2.1.3.4 Population Center
The nearest signifiéant population center is the city of Carlsbad. It is about 26 miles west of the WIPP facility,
and in 1986, it had an estimated population of 27,000 people. Two smaller communities are Loving (with a 1986

population of 1,450) about 18 miles west southwest, and Malaga (with a 1986 population of about 200) about 20
miles west southwest. The transient population within 10 miles of the WIPP facility is small and is, therefore,

not considered in establishing the population center.

Most of the population within 50 miles of the WIPP facility is concentrated in and around incorporated places
such as Carlsbad, Hobbs, Lovington, and Artesia. Past growth patterns indicate that growth will be restricted to

the larger existing communities.

2.13.5 Population Densit

The cumulative 30 mi radius resident population for 1990, is estimated to be 44,857. This represents a
population density of about 16 people per square mile, Near the end of the plant life, year 2005, only 68,606 are
expected to reside within a cumulative 30 mile radius. Assuming a uniform population density, this yields about
24 people per square mile.

Table 2.1-7 and Table 2.1-8 indicate the population densities for the periods of initial operation and the end of
the plant’s operating life, respectively. The densities are for areas 0-5, 0-10, 0-20 and 0-30 miles from the WIPP
facility.

2.1.4 USES OF ADJACENT LAND AND WATER

A major use of land within 10 miles of the WIPP facility is cattle ranching. There are about 500 head of cattle
within five miles of the WIPP facility and about 1,500 head of cattle from five to 10 miles of the WIPP facility.
At present, none of the ranches within 10 miles use well water for their livestock. The Smith ranch used well

~ water until 1978, but the quality was poor and they now use water supplied by pipeline. Drinking water comes
from International Mineral and Chemical Corporation (IMCC), which has its own well system tapping the
Capitan aquifer, while stock water comes from IMCC and from New Mexico Potash Corporation, which has a

well system tapping the Ogallala Formation,
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As of 1987, two dairies were operating within 50 miles of the WIPP facility. These are in the vicinill‘of Hobbs,
45 miles east northeast of the WIPP facilig. The Goff dairy in Hobbs has a herd of about 75 cows,” and the
Bar Four Dairy operates about 800 cows.” Locations of dairy herds in relation to the WIPP facility are shown
in Figure 2.1-8.

2.1.5 MARKETS OF AGRICULTURE

Since beef cattle in the area are raised in feedlots and on ranches, market areas for both had to be determined.
Three of the feedlots in the area (the Seven Rivers Feedlot, the Paul Morgan Cattle Company and Kershaw’s
K-Bar Inc.) were contacted. According to these feedlots, the market area for the cattle ranges from throughout
the United States and a part of Canada to an active local market in El Paso, Lubbock, Clovis, and Roswell.
Harbridge House, Inc. was contacted about the market of ranching operations in the area of the WIPP facility.
They were asked for resuits from an environmental impact statement being prepared for the BLM office in
Roswell. Of the ranching operations interviewed by Harbridge, only three market their cattle year round. The
most prevalent market period is the fall, with about 75 percent of the actual marketing of beef occurring at this
time. There is little or no marketing pattern, except that the cattle are sold at the ranch or at auctions, which
are generally local.

Dairies in the area were contacted about their markets. Dairies sell their milk to processing outlets, either
directly or through the Association of Milk Producers, Inc. Consequently, the milk is probably consumed in
west Texas and southeastern New Mexico, and possibly as far away as Lubbock, Midland and El Paso, Texas.

Estimates of cattle within a 10 mile radius of the WIPP facility were made by ratioing the average grazing
density for each BLM range management district within 10 miles times the area of each within each ordinate
segment at one mile intervals. Average cattle grazing densities are shown in Figure 2.1-9.

Between 10 and 50 miles, BLM and County Agricultural District estimates?S of grazing densities at
approximately eight cows per section were used. Densities were adjusted for WNW sector 30-40 miles to allow
for 1986 Feedlot maximum population of 28,000 cattle. There are no resident herds of sheep, although about
450 ewes are pastured outside Loving for the winter.

Estimates of agricultural utilization within a 50 mile radius of the WIPP facility were obtained from Eddy
County Extension Agent and published New Mexico agricultural statistics.

There is no farming activity within a 10 mile radius of the WIPP facility. There are three pecan orchards
between 25-30 miles west of the WIPP facility, with a combined 1986 yield of approximately 2000 pounds, and a
small commercial truck farm raising asparagus about three miles northwest of Loving, yiclding approximately
1.5 tons.

In addition, there are potentially up to 11,000 acres of wheat, and approximately 1500 acres of barley raised
within 50 miles of the WIPP facility, depending on market and seasonal conditions. This is not considered a
significant agricultural region. Cotton is also raised within the 50-mile radius of the WIPP facility, but was not
considered in agricultural land use (Figure 2.1-10) as it does not represent any potential pathway of exposure to
man.
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Table 2.1-1

WP 029
Rev. 0

1976 RESIDENT POPULATION WITHIN 50 MILES OF THE WIPP FACILITY*

Distance From WIPP Facility, Miles

Sector 0-5 510 10-20 20-30 30-40 40-50 _ Total
N 0 0 35 25 175 25 260
NNE 0 0 25 5 55 5,585 5,670
NE 0 0 0 25 75 6,735 6,835
ENE 0 0 15 70 185 30,595 30,865
E 0 0 5 15 3,190 155 3,365
ESE 0 0 5 10 3,035 295 3,345
SE 0 0 b 15 25 30 75
SSE 0 0 0 25 10 40 75
S 0 0 5 15 60 15 95
SSw 0 0 5 30 90 15 145
SW 0 0 55 15 10 45 125
WSWwW 0 0 1,495 185 50 65 1,795
w 0 0 70 29,045 40 35 29,190
WNW 0 10 5 190 55 50 310
NW 0 0 30 20 65 11,505 11,620
NNW Q Q 15 -3 250 10 280
Radius Total 6 10 1,770 29,695 7,370 55,200 94,050
Cumulative Total 6 16 1,785 31,480 38,850 94,050 --

*Figures for all areas beyond a 10-mile radius are rounded to the nearest five persons.
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Table 2.1-2

1985 RESIDENT POPULATION WITHIN 50 MILES OF THE WIPP FACILITY

Distance From WIPP Facility, Miles

Sector 0-10 10-20 2030 3040 40-50 Total
N 0 29 23 195 29 276
NNE 0 29 6 58 6,418 6,511
NE 0 0 29 81 8224 8,334
ENE 0 12 81 215 36,128 36,436
E 0 6 17 3,700 186 3,909
ESE 0 6 12 3322 313 3,653
SE 0 6 23 23 35 87
SSE 0 0 29 12 46 87
S 0 6 17 56 17 9%
SSwW 8 6 28 105 17 164
SW 5 50 17 1 4 127
WswW 0 1,707 171 55 72 2,005
w 0 66 35,409 39 33 35,547
WNW 13 6 164 50 44 277
NwW 0 28 17 61 15,080 15,184
NNW (] Y —£ 237 11 271
Radius Total 26 1,974 36,049 8,220 66,697 112,966
Cumulative Total 26 2,000 38,049 46,269 112,966 --
2.1-12
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Table 2.1-3

1990 PROJECTED RESIDENT POPULATION WITHIN 50 MILES OF THE WIPP
FACILITY*

Distance From WIPP Facility, Miles

Sector _ 0-10 1020 20-30_ 30-40 40-50 Total
N 0 34 27 230 34 325
NNE 0 34 7 68 7,567 7,676
NE 0 0 34 95 9,686 9,825
ENE 0 14 95 253 42,595 42,957
E 0 7 20 4,362 219 4,608
ESE 0 7 14 3,917 369 4307
SE 0 7 27 27 41 102
SSE 0 0 34 14 s4 102
s 0 7 20 66 20 113
SSW 9 7 33 124 20 193
SW 6 59 20 13 52 150
WSW 0 2,013 202 65 85 2,365
w 0 78 41,747 46 39 41,910
WNW 15 7 193 59 52 326
NW 0 33 20 7 17,779 17,904
NNW 0 20 7 219 _13 _319
Radius Total 30 2,327 42,500 9,690 78,635 133,182
Cumulative Total 30 2,357 44 857 54,547 133,182 --

*Based on growth rate for Lea and Eddg\gCounties as projected by University of New Mexico Bureau of Business
and Economic Research, November 1986. )

City growth rate projected at county rate.
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Table 2.14

1995 PROJECTED RESIDENT POPULATION WITHIN 50 MILES OF THE WIPP
FACILITY*

Distance From WIPP Facility, Miles

Sector 0-10 1020 2 0-30 3040 40-50 _ Total
N 0 40 32 270 40 382
NNE 0 40 8 80 8,869 8,997
NE 0 0 40 11 11,364 11,515
ENE 0 16 11 297 49,921 50,345
E 0 8 23 5,112 257 5,400
ESE 0 8 16 4,591 432 5,047
SE 0 8 32 32 48 120
SSE 0 0 40 16 63 119
S 0 8 23 77 23 .13
SSW 1 8 39 145 23 226
SW 7 69 23 15 61 175
WSW 0 2,359 237 76 100 2,772
w 0 1 48,927 54 46 49,118
WNW 18 8 226 69 61 382
NwW 0 39 23 84 20,837 20,983
NNW 9 23 —8 327 —L 373
Radius Total 36 2,725 49,808 11,356 92,160 156,085
Cumulative Total 36 2,761 52,569 63,925 156,085 -

*Based on growth rate for Lea and EddgéCounties as projected by University of New Mexico Bureau of Business
and Economic Research, November 1986.

City growth rate projected at county rate.
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Table 2.1-5

WP 02-9
Rev.0

2005 PROJECTED RESIDENT POPULATION WITHIN 50 MILES OF THE WIPP
FACILITY*

Distance From WIPP Facility, Miles

Sector 0-10 10-20 20-30 3040  40-50 ___ Total
N 0 52 42 353 52 499
NNE 0 52 10 104 11,576 11,742
NE 0 0 52 145 14,833 15,030
ENE 0 20 145 388 65,159 65,712
E 0 10 29 6,672 336 7,047
ESE 0 10 20 5,992 564 6,586
SE 0 10 42 42 62 156
SSE 0 0 52 20 83 155
S 0 10 29 101 29 169
SSW 15 10 51 189 29 294
SW 9 9% 29 19 79 226
WSwW 0 3,079 310 99 130 3,618
W 0 119 63,861 70 60 64,110
WNW 24 10 295 90 79 498
NW 0 51 29 110 27,197 27,387
NNW ] _29 10 _426 —19 _484
Radius Total 48 3552 65,006 14,820 120,287 203,713
Cumulative Total 48 3,600 68,606 83,426 203,713 -

*Based on growth rate for Lea and EddgléCounties as projected by University of New Mexico Bureau of Business
and Economic Research, November 1986.

City growth rate projected at county rate.
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Table 2.1-6

WP 02-9
Rev. 0

MAXIMUM NUMBER OF EMPLOYEES FOR MINES WITHIN 10 MILES OF THE

WIPP FACILITY
Maximum Maximum
Distance and Total Per During
Name of Mine Direction, Mi Employees Shift Shift CbanﬁL_
Western AG-
Minerals 5.5 WSW 75 58 75
Nash Draw Mine
International
Minerals and
Chemical
Corporation 9.0 WNW 204 174 197
New Mexico
Potash
Corporation 95N 235 127 19
Estimated Total 514 359 451
2.1-16
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Table 2.1-7

POPULATION DENSITIES WITHIN 30 MILES OF THE WIPP FACILITY FOR 1990

Cumulative Population Densities

Miles from WIPP Facility (persons per square mile)
5 <1
10 <1
20 2
30 16
2117
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Table 2.1-8

POPULATION DENSITIES WITHIN 30 MILES OF THE WIPP FACILITY FOR 2010

Cumulative Population Deasities
Miles from WIPP Facility (persons per square mile)
5 <1
10 <1
20 4
30 ‘ 23
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