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AllSTRACT |
:

|

This report deals with technical information that is considered essential for demonstrating the ability
of the high level radioactive waste package to provide 'substantially complete containment" of its contents
(vitrified waste form or spent light water reactor fuel) for a period of 300 to 1000 years in a geological
repository environment. The discussion is centered around technical considerations of the repositoryi

environment, materials and fabrication processes for the waste package components, various degradation
nales of the materials of construction of the waste packages, and inspection and monitoring of the waste
package during the preclosure anti retrievability period, which could begin up to 50 years after initiation
of waste emplacement. The emphasis in this report is on metallic materials. However, brief references
have been made to other materials such as ceramics, graphite, tended ceramic metal systems, and other
types of composites. The content of this report was presented to an external peer review panel of nine
members at a workshop held at the Center for Nuclear Waste Regulatory Analyses (CNWRA), Southwest
Research Institute, San Antonio, Texas, April 2 4,1990. The recommendations of the peer review panel
have been incorporated in this report. There are two companion reports; the second report in the series
provides state-of the art techniques for uncertainty evaluations. The methods provided in that report can
be used to quantify various types of uncertainties. The third companion report, on the basis of the
information provided in the first two reports, develope, recommendations for the resolution of the issue of
"substantially complete containment" of high level radioactive waste within the waste package, as
addressed in 10 CFR Part 60.
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EXECUTIVE SUMMARY

Performance related U.S. Nuclear Regulatory Commission (NRC) regulations for high level waste

(llLW) include 10 CFR 60,112 on repository system performance, which implements the U.S.
Environmental Protection Agency (EPA) requirements related to the releases of HLW. %c waste package
is a subsystem of the overall repository system. NRC performance requirements fur this subsystem are
given in 10 CFR 60.113, which prescribes that containment of HLW be "substantially complete" during
the period when radiation and thermal conditions in the engineered barrier system are dominated by
fission pnx!uct decay. The minimum period of containment is specified as 300 to 1000 years after
permanent closure of the geologic repository. The waste package is required to prevent transfer of
radionuclides beyond the boundary of the waste package, during this decay period. It should be noted
that a container that is more durable than that required for the containment pericx! could be used in
satisfying another requirement related to the rate of release of radionuclides; controlled release subsequent
to the containment period is specified. Thus, a more durable container could assist in controlling any
calculated release of radionuclides. The meaning of the term "substantially complete containment" in this
context is addressed in a series of three repons. As the first report in this series, this report is a
compendium of technical information and considerations that must be addressed in arguments for
satisfying containment requirements of HLW. For the purposes of this report,it is assumed that a waste
container, as part of the waste package, provides a significant part of the containment function.

Various types of uncertainties are associated with most of the technical points addressed in this
report. For example, the rate of corrosion or the form of corrosion may not be known in an absolute
sense over extended times for which containtuent is required under 10 CFR 60.113. The technical
challenge is to minimize these uncertainties and to furnish predictive models that provide the reasonable
assurance required to comply with the regulation. The knowledge and understanding of the waste
package, especially the solutions to technical issues of ihe types addressed in this report, are expected
both to govern the accuracy of predictions of wasic package performance and to govern, thereby,
compliance with any NRC requirements for containment.

In the second report, state-of-the. art techniques for uncertainty evaluations are presented. %csc
techniques can be used to form a technical basis for the development of criteria for making containment
evaluations that are easy to interpret without ambiguity. For example, given the uncertainties of the types
discussed in the first report, the ruethods described in the second one can be used to evaluate and, in some
cases, to quantify the uncertainties. The aim is to permit a quantitative assessment of the probability of
waste-package failures as a function of time. The third report, on the basis of the information provided
in the first two, develops recommendatior.s for resolving the regulatory uncertainty in 10 CFR 60.113.

Various technical questions must be answered in making a defensible argument that containment
of HLW within a waste package will be "substantially completc." In the application of materials science
and engineering, a unique problem that is posed by an HLW repository centers on the long duration of
the minimum containment period, the extremely large number of waste packages in the repository, and
the moderately clevated temperatures. Under proposed U.S. designs, temperatures are expected to be
moderately elevated, up to about 250*C. Waste package designs that are likely to be advanced are
expected to involve the use of a primary container and perhaps other secondary containers and barriers
to the release of radionuclides. Containers are likely to be made of metals or metal alloys, but ceramics,
modern composites, or other combinations of materials and barriers may also be suitable alternatives.
In the examples cited in this report, strong emphasis has been given to metal alloys, as, to date, these are
the materials primarily selected, in this country and abroad, as candidate materials for containers.

The requirements of 10 CFR 60.113 stipulate that, for a speciGed period ranging from 300 to 1000
years, containment shall be "substantially complete " In addition, it is required that the release of any

vii
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radionuclide from the engineered barrier system following the containment priod shall not exceed a
speified rate. As a result, knowledge of the behavior of waste package containers for periods ;cil
beyond the rninimum containment period will be necessary. This expectation endures because, at the
longer times, some credit for containment or controlled release may be desired in demonstrating that the
requirements for controlled release have been met. Thus, the service period of interest may extend for
thousands of years. Although it is known that manmade artifacts have survived many centuries in hostile
environments, mankind has never attempted to gain experience with or develop analogues for this unique
problem. The duration of the required service period is much longer, by orders of magnitude, than the
times over which laboratory experiments can be conducted. Hence, there is a need for the development
of methods for the prediction of service behavior over these long periods.

In this report, the princi ul, or high-order, technical considerations related to the materials, thef
environments, and the interactions between them are described.

The major areas of environmentalinterest most likely to influence the response of HLW containers
are covered in Section 3.1. It should be noted that the environment that a container will experience
consists not only of the external environment of the natural repository, but also of the contents of the
container itself. In addition, the external environment is modified by the combined effects of radiation
and heat as a result of the radliactive decay of the nuclear waste in the container. The external
environtnental factors are discut.ed in Section 3.1.1 to 3.1.4 under four headings: geochemistry,

'

hydrology and climatology, geology, and volcanic and seismic hazards. Chemical and mechanical factors
are extremely important in the evaluation of the performance of a waste package. They are discussed
under the headings noted above in Section 3.1, also taking into consideration the synergistic effects of
radiation, radiolysis products, corrosion products, and microbial activity, as described in some detail in
Sections 3.1.5 and 3.1.6.

In Section 3.2, the discussion is centered on the material requirements for waste package
components. Predictions based on the results of studies of the interactions between materials and the
environments are based on an assumption that the materials in a wasic package will be very similar to
the materials being studied, and so controls on the quality of eventual waste package components are
crucial to making meaningful predictions. As presented in Section 3.2,1, an effective quality control
program will ensure that the materials used in a waste package 1) meet all specified requirements,2) are
fabricated using qualified personnel and approved processes, and 3) are free of any significant damage
due to transportation and emplacement.

Materials are characterized by their physical and mechanical properties and by their behavior in
the presence of a given environment which, in turn, may affect those properties. In order to predict
behavior for extended times, the relations between material properties and the environment, including
factors such as temperature, radiation, etc., mest be known. The complexity of the problem is
compounded by the effects of processes used for fabrication or repair of HLW containers, as discussed
in Section 3.2.4. These processes can strongly influence materials properties, leading to complex
behaviors under the various environmental conditions that will be encountered over the service life of the
containers. Uncertainties on materials behavior can be decreased by the use of materials specifications,
fabrication process specifications, and appropriate materials characterizations. These topics are reviewed
here, and it is emphasized that materials characterization for the waste-package components requires a
demonstrated understanding of factors that might affect long term service behavior, These factors include
variations in characteristics such as chemical composition, state of stress, microstructure, fabrication or
production history, and thermodynamic phase equilibria.

Frora the presentation of technical considerations given in this report, it becomes clear that
uncertainties associated with each of the considerations may be significant, and that an extended service

viii
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life can be assured only if these uncertainties are understcod and minimind. These cssurances may hr
| and

obtained through scientific understanding, the application of geod engineering practices,I

| implementation of quality control procedures that render assurances that the environment is within the
expected range for which waste containers were designed, and that the containers and the materials from
which they were fabricated are within design specifications, in addition, inspections have important roles
throughout the waste disposal process, from the time that materials for use in a waste package are
received to the time of emplacement into a repository. Containers, environments, and their interactions

. can be monitored after emplacement, as part of a process for confirming the adequacy of service life

predictions. Selective monitoring may b wattawa throughout the preclosure period.

Processes by which materials can be altered are numerous, and in this report, many of them are
discussed briefly to highlight the imp >rtance of understanding the behavior that may lead to degradation.
It is imperative that all potential failure modes that could lead to accelerated rates of degradation of a
container be exhaustively studied. In this report, a more extensive coverage is given to the topics of
degradation modes expected for metallic materials. Most oflocalized corrosion processes as well as other
forms of metal degradation or failure, such as hydrogen embrittlement and stress corrosion cracking, are
discussed in Section 3.3. This is done to emphasize the need to ensure that failure will not occur by any
of the mechanisms that can lead to a localization or an acceleration of degradation, as, for example, by

pitting and crevice corrosion, stress corrosion cracking, hydrogen embrittlement (or damage), dealloying,
or microbial corrosion. Mechanical effects that can lead to changes in the state of stress in a container
may also be important to service life, as noted in Section 3.3A. The stress state may be affected, for
example, by external pressure (hydrostatic or lithostatic), by internal pressure from reactions within the
waste form, by corrosion products, or by thermal cycling brought about from the effects of water dripping
onto a hot container.

The current NRC requirements mandate that FILW must be retricvable on a reasonable schedule
beginning up to 50 years siter waste emplacement commences at an llLW repository. Consequences of
errors in evaluation on the durability of a waste package can be rectified, by appropriate
modifications / repair of the waste package,during this retrievability period, and before any potential hazard
can become a threat to public safety. As needed and after emplacement, the repository conditions and
the responses of the components of a waste package to those conditions can be monitored to increase
assurance that the behavior is consistent with the understanding used in the design of the waste-pickage

subsystem. Accordingly, monitoring in situ can be donc during the preclosure period, as discussed in
Section 3.4. In addition, during this period, laboratory and in-situ tests can be conducted to more firmly
resolve questions related to the scientific principles and engineering judgments that were used in the
repository design,

ix )
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1. INTRODUCTION

| ne Code of Federal Regulations (CFR), Title 10, Chapter 1, contains regulations set forth by1

actions of the Nuclear Regulatory Commission (NRC), and in Part 60 of that chapter, the " Disposal of
liigh level Radioactive Wastes in Geologic Repositories" is addressed. Two paragraphs in Part 60 are
the principal focus of the current work on the containment of high level radioactive waste (HLW). They
are 10 CFR 60.112, "Overall system performance objective for the geologic repository after permanent
closure" and 10 CFR 60.113. " Performance of particular barriers after permanent closure " In 10 CFR
60.112, the performance requirements for the overall geologic repository system are provided. In 10 CFR
60.113, the performance requirements for the engineered barrier system and geologic setting subsystems
of the repository system are given.

As noted in the following paragraphs, the performance requirements for the engineered barrier
(1) a " containment" requirement for HLW packages, and (2) a radionuclidesystem consist of two parts:

release rate limit from the engineered barrier system. Taken together, these two parts are intended to
control the release of radioactive materials to the geologic setting and to add confidence that the overall

system performance objectives for the repository (i.e.,10 CFR 60.112) will be met.

The performance requirements for the enginected barrier system, as contained in 10 CFR 60.113,
specify that:

(i) "The engineered barrier system shall be designed so that assuming anticipated processes
and events: (A) Containment of HLW will be substantially complete during the period when
radiation and thermal conditions in the engineered barrier system are dominated by fission pnxfuct
decay; and (B) any release of radionuclides from the engineered barrier system shall be a gradual

."
process which results in small fractional releases to the geologic setting over long times. .

(ii) "In satisfying the preceding requirements, the engineered barrier system shall be
designed, assuming anticipated processes and events, so that:

(A) Containment of HLW within the waste packages will be substantially complete
for a period to be determined by the Commission taking into account the factors mecified
in 60.113(b) provided, that such period shall be not less than 300 years nor more than 1000
years after permanent closure of the geologic repository; and

(B)ne release rate of any radionuclide from the engineered barrier system following
the containment period shall not exceed one part in 100,000 per year of the inventory of that
radionuclide calculated to be present at 1000 years following permanent closure, or such
other fraction of the inventory as may be approved or specified by the Commission;
provided that this requirement does not apply to any radionuclide which is released at a rate
less than 0.1% of the calculated total release rate limit. The calculated total release rate
limit shall be taken to be one part in 100,000 per year of the inventory of radioactive waste,
originally emplaced in the underground facility, that remains after 1000 years of radioac:ive
decay."

Although the requirement in the rule for limited release from the engineered barrier system in the
post containment period is clearly stated in numerical terms, the companion or associated requirement for
"substantially complete containment" during the containment period is qualitative and subject to
interpretation. %c Center for Nuclear Watse Regulatory Analyses (CNWRA) has developed a systematic
approach for evaluating and analyzing the regulations affecting the HLW program. The rationale for the
systems approach is to enable the analyst to identify, among other things, specific interrelated regulatory
requirements, "what" must be proven to demonstrate compliance with these regulations, and "how" one

1

)
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might demonstrate compliance with the requirements. As part of this process, uncertainties in the
regulations are also evaluated and potential uncertainty resolution strategies explored. Preliminary
analysis of regulations related to the performance of waste packages within the engineered barrier system
indicates that there is uncertainty with respect to these requirements, and the CNWRA is assessing various
uncertainty resolution strategies. This report supports an initial effort to assess the technical feasibility
of the strategy for eliminating the noted regulatory uncertainty.

One reason why a rapid resolution of the meaning of this rule has not occurred is that this problem
of containment for atraordinary p riods of time is being confronted in a scientifically defensible way for
the fist time in the history of mankind.

Three factors make "quantification" difficult; and these, listed as follows, will require the judicious
application of advanced and relevant technologies.

(1) Length of time

The length of time specified in the regulation exceeds the times commonly required in engineering
design and it is especially long for containment problems. For example, the design life of pressure
vessels can range from 30 to 40 years for nuclear reactors, to as short as a few hours or days for rocket
motor cases.

(2) Size scale

The expected number of containers ranges from about 20,000 to as high as 80,000, depending on
the waste package and ernplacement design. His extremely large number of containers implies that
scaling up from laboratory and prototype tests to the size of the repository is an almost unique endeavor.
As an exannple, failures such as those experienced in the Alaska pipeline illustrate the nature of the
problems to be confronted in enginected systems of a size equivalent to the repository [Refs.1,2]*.

(3) Inaccessibility

In a closed repository that is sot subject to active institutional controls, a waste package will be
inaccessible for inspection during the majority of the service life, which is up to thousands of years.
After the repository has been closed and sealed, the reasonable assurance of containment must come from
a very high level of confidence in a scientific understanding of the effects of time and the environment
on a repository system composed of an extremely large number of waste packages.

Pursuant to implementing the recomn.endation in SECY-88-285 [Ref. 3], regarding clarification
of the regulatory requirement for "substantially complete containment," the NRC Division of High level
Waste Management Engineering Branch prepared a proposed scope for a possible rulemaking effort
[Ref. 4) and a policy options paper [Ref. 5]. Among the recommendations in the policy options paper
was the recommendation to pursue the establishment of criteria that would focus the U.S. Department of
Energy's (DOE's) designers on achieving " containment," rather than an acceptable release rate during the
containment period specified in 10 CFR Part 60. This option was viewed as being more consistent with
the rationale contained in the Staternent of Considerations (NUREG-0804)[Ref. 6] supporting 10 CFR;

Part 60 [Ref. 7].

* Brackets are used to facilitate computer search of references.
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A number of other alternatives for clarfGcation of the intent of the 10 CFR Part 60 requirement
were examined. Rulemaking was recommended as the appropriate citernative. This recommeadation was
based on the perceived importance of having a clarification that would endure over the relatively long I

!

time period of the repository licensing process and not be subject to change based on subsequent personal
interpretations. The policy options paper recommended the establishment of quantlGable criteria to clarify
the qualitative nature of the "substantially complete containment" requirement. In addition, it was
recommended that an assessment should be conducted before rulemaking, in that assessment, the
technical feasibility of establishing and demonstrating compliance, using quantifiable criteria, would be
explored. After NRC management approval, the CNWRA was contracted to conduct the technical
feasibility assessment. ,

I

in response to this contractual direction, the CNWRA is examining the feasibility of this option.
On the basis of information gathered during this feasibility study, the CNWRA will make
recommendations related to the technical feasibility of rulemaking as a vehicle for clarification of the
intent of 10 CFR Part 60 on the question of "substantially complete containment."

As a part of this work, the CNWRA has developed three background technical reports to provide
a common technical basis from which a rule can be developed,if appropriate. The purposes of the first
of these reports, which is the one presented here, are to present and describe the technical topics that must
be considered in assessments of the long term performance of the waste package. The second report
describes the methodology for assessing "how well" the various technical considerations can be evaluated
in the face of known and, at times, unknown uncertainties. The methods described in the second report
can be used to quantify various types of uncertainties and permit a quantitative assessment of the
probabilities of waste package failures in a given time. The third companion report, on the basis of the
information provided in the first two reports, develops recommendations for the resolution of the issue
of "substantially complete containment" of HLW within the waste paskage.
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2, APPROACil TO REDUCING AMillGUITY RElATED TO SUBSTANTIALLY COMPLIN'E
CONTAINMENT (SCC)

_A part of the systematic analysis process is a grouping of 10 CFR Part 60 requirements into
individual subject areas called Regulatory Requirements (RRs). The containment regulation is identified
as RR1002, entitled " Containment Performance after Permanent Closure." It includes all the text cited
in 10 CFR 60.ll3(a)(1)(i)(A) and parts of 10 CFR Part 60 related to the waste package design. The l

preliminary analysis performed on RR1002 included the development of a set of specific statements of (
"what must be proven" called the Regulatory Elements of Proof (REOP) and a logical hierarchy of REOP l

interrelationships. To evaluate each REOP, Technical Review Components (TRCs) were identified. De
TRCs are the technical material required to demonstrate or determine compliance with each REOP. To
assess compliance with each TRC, a Compliance Determination Method (CDM) is required. CDT :.,
provide the u,swer to "how" one attempts to satisfy the "whats" expressed in the various TRCs. 'l ic
CDM involves an approach or a methodology based on technical arguments or reasons to establish that
the TRC has been satisfactorily addressed. As part of a CDM development strategy there will be a need
for technical models, data, and laboratory and field analyses. These are classified as information
Requirements (irs).

In the case of RR1002, the preliminary analysis of the RR indicates that the words "substantially
complete containment" create both a regulatory and a technical uncertainty. The uncertainty affects
several REOPs, TRCs, and irs. As a result, a fundaruental investigation is required to develop an
understanding d the sources of this uncertainty. An approach has been formulated, where it is assumed
that by first addressing the technical considerations of RR1002, it will be possible to resolve the technical
uncertainty and consequently result in minimizing the regulatory uncertainty.

This report identifies technical considerations that would have to be addressed in the assessment
of the degree of HLW containment or the establishment that HLW containment is satisfied within a waste
package in a geologic repository. In SECY-88-285, " Regulatory Strategy and Schedules for High6 cvel
Waste Repository Program," NRC listed "Further AmpliGeation of the Meaning of the Phrase
'Substantially Complete Containment"' as a planned potential rulemaking.

A key factor related to the performance of a waste package in a repository is the very long service
life required. This service life exceeds the duration of even the lengthiest possible laboratory tests and/or
in situ confirmation monitoring, which could approach 50 years. For this reason, arguments of
compliance related to HLW containment will be both based on well-established scientific and engineering
principles and supported by analyses pertaining to the technical considerations addressed in this report.
The tect.nical points discussed here will cover many of those needed to demonstrate that new quantitative
requirements in HLW regulations have been met, and that the new requirements will climinate the
uncertainty associated with the current regulation.

The technical considerations in this report relate to our understanding of factors governing
long term behavior of materials in a specific environment. Dese have been broadly grouped into four
categories for discussion; that is, environment, materials and fabrication, degradation processes, and
inspections and monitoring. Figure i shows the various technical topics that relate to each of the
categories and are discussed under that category. In a number of cases, however, the technical topic
given in one category may apply to one or more categories. The discussion of such topics has not been
repeated. In this document, the topics are introduced and discussed without attempting to cover all
possible technical aspects related to each of them.

|
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3. TECilNICAL CONSIDERATIONS

Wrious technical points must be considered to establish the extent to which containment isI

complete. Examples of these are given in this report. The technical points discussed here represent some
of the key factors that will have to be considered in a technical argument on the containment capabilities
of a waste package. These are brieny introduced under (1) through (4) below and then discussed in more
detail in sections 3.1 through 3.4.

The format chosen for discussion provides a brief statement or a definition of the subject of the
mini-chapter, possible concerns in that area as they relate to the ability of the waste package in providing
containment for its radioactive inventory (vitrined waste fenns or spent light water reactor (LWR) -both
beiling water reactor (BWR) and pressurized water reactor (PWR)- fuels), and the basis or justification
for the mncerns, including some examples, followed by a few general references to provide additional
reading material!information on the subject. The mini-chapters have been constrained by the format to
approximately two pages, with bibliographic references limited to ten. This format keeps the discussion
on the various topics at the higher-order. The examples provided in the report are for illustrative purposes,
and by no means cover all possible situations envisaged in a HLW repository.

(1) Environment

As all components of a waste package may be altered in time within the repository environment,
the characterization of the environment becomes an important element in any proof that regulatory
requirements have been met. For example, for a container of nuclear waste, two types of environmental

The internaleffects may be important, those from within the container and those from without.
environment, characterized by continued fission reactions of the waste, yields heat and radiation. The heat
generated by the waste willincrease the ambient temperature and thereby affect the conditions of exposure
for the components of the waste package. All these results of fission reactions should be considered to
be part of the environment.

In the external environment, both chemical and mechanical influences will be iniportant to the
performance of a waste package. The principal chemical concerns are the amount of available oxygen and
water as well as the salinity of the water, although other chemical components may also be important to
waste package performance. De principal mechanical concerns are the levels of stress that arise from
environmental influences, such as those from tectonic and seismic activities. These various external
in0uences are discussed in this report undet four headings: geochemistry, hydrology and temporal
climatology, geology, and tectonics and seismic hazards. A more complete description of the environment
would include both the internal factors discussed above, as well as the characteristics of the individual

waste package emplacement sites within the repositocy.

(2) Materials and Fabrication

Waste package components, in addition to vitrified waste form in a pour canister or spent LWR fuel
rods or assemblies, might include a container (metallic, ceramic, or composite material), a diffusion barrier
(such as bentonite clay), and a liner in a waste package borehole. A principal objective is to contain
radionuclides within the waste package so that they do not begin to migrate into the rock comprising the
walls of the borehole within the required containment period. Materials characterization for the waste-
package components requires a demonstrated understanding of factors that might affect long term service
behavior. These factors include variations in characteristics such as chemical composition, state of stress,
microstructure, fabrication or production history, and thermodynamic phase equilibria.
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(3) Degradation Pracesses

Long term exposure of materials in a repository could result in profound alterations in materials
during the service life. The pr:sence of HLW inventory will lead to e!cvated ternperatures and furnish
high levels of radiation. The host media for the retository can be the sources of oxygen, water, and other
species that can be aggressive in altering the nature of the materials used for containment of the waste.
Thus, various interactions may be expected from gaseous or aqueous media that contact these materials.
For metallic containers, for example, various forms of corrosion that result from interactions with water
and oxygen are important, as are the effects of hydrogen, which may result from radiolysis of water and
vapor or galvanic coupling with borehole liner or container support structures. The environment may
produce hydrostatic or lithostatic pressure, which may alter the stress state in waste package components.
Unusual seismic events could lead to high dynamic loads. Radiation will change the environment and
create species with the potential for accelerated degradation of the waste package components. If
microbial species are present, they, too, have potential for interactions with the waste package materials.
These interactions between the environment and the waste package components, includingjoints, seals and
weld.;, must be understood and considered when determining the service life of the waste package. The
internal environment of a container also may play a significant role in promoting failute from within.

(4) hupections and bfonitoring

Materials and product specifications for each component of the waste package are necessary to
ensure that materials of construction and intermediate and final products conform to appropriate quality
standards. Fabrication of various waste package components require control through use of qualified
personnel and equipment, procedures, and in process product examinations. Inspection criteria are required
to determine the acceptability of fabricated components for repository emplacement. Finally, in situ
monitoring should be considered for evaluating the performance of the waste package up to the time of
permanent closure.

|
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3.1 Environment

The environment in the repository, both at the time of emplacement of the HLW container and over1

the hundreds to thousands of years after the repository is scaled, will affect the performance of the waste
|

package. More specifically, the term " performance" here means the alfility of the waste package to
provide the required level of co.itainment for the radioactive waste inside the container. The waste is
expected to be both vitrified waste in the form of glass poured in a stainless steel or other metal pour-
canister and spent LWR uranium dioxide fuel contained in Zircaloy or stainless steel cladding.

The major areas of environmental interest most likely to influence the response o iiLW containers
r

fall broadly into the following seven classifications: (1) Geochemistry (water chemistry, pH, Eh, rock
chemistry, and trapped, dissolved, or circulating gases); (2) Hydrology and Climatology (temperature,
pressure, rainfall, ground water flux, changes in the water table, and flooding); (3) Geology (host rock
effects of variables like thermal cycles, radiation field, and radiotysis products on the host rock); (4)
Volcanic and Seismic Hazards (volcanotectonics and seismicity); (5) Radiation and Radiolysis; (6)
Microbial Effects; and (7) Container Internals. Although the above mentioned seven areas are discussed

separately in this report, the synergistie effects of two or more areas could lead to more s: vere
environmental effects on the HLW containct and other components of the waste package than
consideration of the environmental factors separately. An example could be the possible
development / evolution of new strains of microorganisms due to the synergistic effects of radiation,
radiolysis products, waste package corrosion products, and leached minerals from the surrounding geology.
These new strains of microorganisms could change the mechanism or accelerate the corrosion of metallic
containers and/or aid in the migration of relionuclides to the accessible environments. Such coupled
effects are of considerable conecrn and, therefore, must be studied well. Dese seven areas, stated above,

are discussed next.
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3.1.1 Geochemistry

Statement

Near field geochemistry is likely to have a major influence on the degradati< modes of HLW
package components.

Concern

Inadequate understanding of the existing geochemistry of a *pository and of the changes that could
occur over time could lead to inappropriate design of the waste package and of the laboratory experiments
used to obtain data to support the design of the individual components. The results of such experiments,
if used for modeling the waste package behavior in a repository environment, could provide inaccurate
predictions of the time for which the waste package could provide the required level of containment for
its radioactive contents.

Basis

Many variables could affect the behavior of metallic containers in a repository environment.
Molecular and ionic species dissolved in water may have significant effects on the corrosive action of
water. For example, high levels of chloride are detrimental to common types of stainless stects, but may
be less deleterious to copper and copper based alloys. On the other hand, sulfates, sulfites, other sulfur
compounds, and nitric acid could be much more harmful to copper and copper based alloys than to
stainless stects. The pH and redox potential of the environment affects corrosion rates and mechanisms.
Carbonate, sulGde, and other species occurring in the aqueous phase can form stable compounds with
container materials.

Factors that influence the nature and concentration of constituents dissolved in groundwater include
the mineralogy of the rock in contact with the water, the composition of the vapor phase, the temperature
and pressure at which water rock interaction takes place, the duration of the interaction, and the ratio of
rock-surface area to water volume, The last two parameters are most important for interpretation of
kinetically controlled dissolution and precipitation reactions. Knowledge of water chemistry is necessary
to establish the corrosion behavior of the waste package. Besides naturally occurring species, the effects
of species leached from the repository materials, and the radiolysis compounds produced by the gamma
radiation emanating from the HLW containers could change the geochemistry substantially. Release of
metal ions from other components of the engineered barrier system, such as container- and dolly-support
plate, borehole liner, and borehole seal cap, could add further compicxity to the chemistry of the liquids
present. Other variables / unknowns that could influence the geochemistry include (1) microbial and
bacterial activities, (2) evaporation and refluxing cycles associated with the heat pipe effect that might
occur (which could concentrate the amount of certain salts in the ingress water), and (3) variations in
solubility or reactivity of phases in the repositery geology, due to gamma radiation, or elevated
temperatures, or variations in pH or oxidation state.

The nature of groundwater and/or ground gas flux and flow also needs to be considered, low
matrix flow rates result in long contact times between rock and water, or between container and water.
Flow through fractures may be slow or rapid, depending on the fracture aperture and the water flux. Gas
flow in partially saturated media could lead to important fluxes of moisture or volatile species that affect
groundwater properties such as oxidation state and pH. Vapor liquid phase relations as a function of
temperature, coupled with the hydrologic behavior of the system and precure, may affect the quantity and
composition of groundwater in contact with the containers.

10



Tests must be conducted to cover the range of possible conditions to determine the resultant or
possible changes in water chemistry for different contact times, rock to-water ratios, temperatures, and
rock chemistry. Development of models to accurately predict changes in the geochemistry of the
repository are also needed.
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3J.2 Hydrology and Climatology
l

Statement

Hydrologic and climatic changes could affect the repository environment, which could lead to
changes in the waste-package materials degradation modes and/or the kinetics of degradation.

Concern

inadequate characterization of the existing hydrological conditions at the beginning of the repository
operation and of the anticipated climatic and hydrologic changes could lead to inaccurate predictions of
the ability of the waste package to provide containment for the radionuclides.

Basis

Hydrology affect: transport rates, which, in turn, affect chemical reaction rates. The kinetics of
many chemical reactions that are likely to lead to degradation of the materials (metallic and nonmetallic)
depend en temperature, pressure and amount, mobility, and chemical nature of water. The geological
environment is expected to be a fractured porous medium with water vapor present in the fractures during
the period wher the waste material is emanating significant heat. By virtue of the heat pine effect, if
present, liquidwater should be driven away from the heat generating waste, leaving only water vapor in
the near field environment of the waste package. The level of vapor and liquid water saturation in the
near field environment can be affected by changes in hydrology and climate. Climatic changes can result
in changes in rainfall, evapotranspiration, infiltration rates, and the global or regional saturation level of
the host medium. Additionally, for locations where the host medium is a fractured, porous rock, the
hydraulic conductivity of fractuies would increase as the saturation level of the rock increases.
Consequently, infiltration ratec could be greatly affected. Greater infiltration rates could increase the
vapor and liquid-water levels near the waste package and, therefore, affect the kinetics of the chemical
reactioic in the near-field environment of the container and thus the expected corrosion rates of the waste
package. The nature of the engineered overpack can affect the phenomena of flow and transport near the
waste package, particularly in conjunction with a heat pipe. The thermal and hydrogeologic tharactetistics
of the overpack can eitner impede or enhance tne flow of heat and/or liquid to or away from the waste
package during the period of time when the waste generates sufficient heat to cause a heat pipe to occur.

In addition to changes in the amount of water vapor and liquid water present in the environment
near a waste package, changes in water chemistry, temperature, and mobility can be expected to occur as
a result of hydrogeological and climatic changes. These variations in water chemistry, temperature, and
mobility cas also affect the nature of corrosion of a container in a repository setting. Some of these
variables could change very little with time, while othe:s could change considerably due to major
climatolegical and/or hydrological shifts over the many hundreds to thousands of years of the waste-
package life in a geologic repository. Therefore, the ability to predict the degradation of the waste
package due to vapor and aqueous-phase corrosion will depend on the accuracy with which the
hydrolog:c and climatologic changes that are likely to affect the repository are determined.

Great uncertainty may exist in some of the predictions that can be made in the
climatologic / hydrologic realm. Effects of other repository-specific variables such as the level of saturation
as it affects vai or phase circulation, and the resulting effects on the degradation of the container materials,
need tn be understoot If an initially unsaturated repository becomes saturated during the period when
the waste package is required to provide complete containment of the radioneclides, or if an initially
saturated repository becomes unsaturated with time, significant effects on container integrity may become
evident.
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3.1.3 Geology

|
Statement

The geology of the repository is likely to have t it- the waste package degradation

kinetics or mechanisms in a repository.

Concern

The geology of the repository can influence var: icd to waste package performance:

(1) the water flow paths and rates, (2) the existence anc. 2 .c - n of certain types of microorganisms
and bacteria that could be detrimental to metal corrosion, Q) co. Auction of heat generated through the
radioactive decay of the canister contents (spent fuel and vitrified waste), (4) the chemical nature of the
leached species as a result of radiation induced phase transformation of rninerals in the repository geology,
and (5) the build-up of gas pressure due to low permeability of the rocks.

Inadequate understanding of one or more of the important variables of the geological setting could
lead to incorrect modeling of the influence of the geology on the degradation behavior of the waste
package compenents. For example, water rock interaction affects water chemistry, which, in turn, could
produce reducing or oxidizing conditions, changes in pH, types and amounts of chemical species
detrimental to the materials of construction of the waste package, and other effects that may lead to
accelerated degradation of the waste package. Such effects need to be identified and understood.

Basis

The geology of a repository influences to a large extent what, how much, and for how long a
certain environment will exist around the container, and how it may change with time. A deep geological
repository can in one siniplistic way be considered as a semi closed system. The input to this system, the
output from the system, and what essentially stays in all the time will all influence the behavior of the
waste package.

The geology of the selected repository site should exbibit favorable characteristics that would
provide an additionallevel of bariier against the migration of radionuclides from the waste package. For
example, the desirability of emp! acing waste in an unsaturated environment is high. Waste packages in
an unsaturated zone would not routinely be submerged in water, although high humidity in the
surroundings might prevail. In a saturated repository, the flux of groundwater to and from the containers
will be influenced by the heat load imposed by the waste package on the host geology. Rapid heating of
the host geology could lead to increased fracturing and/or increase in fracture aperture, which would
change groundwater flux. Likewise, geochemical changes dependent on time-of-contact of migrating
groundwater with the HLW packages would be influenced by change in the groundwater flux.

In the early stages of the repository, when temperatures are highest and the heat load the greatest,
there will be the dampening effect of the conversion of near field liquid water to water vapor and its
attendant heat pipe. The thermal conductivity of the host rock is dependent upon factors sucL as porosity,
mineral composition, density, and saturation level of the gas in the pore spaces. The bulk thermal
conductivity of the host rock will control the maximum temperature rise of the geologic setting for a given
waste form and thermal loading, if gas permeability is low, with increasing heat, the pressures in the pore
space in the host geology could cause a rise in pressure around the waste packages. This, in tum, could
increase the rate of chemical interactions between the surrounding liquid or vapor and waste packages.

14
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Transmission of heat by convection and conduction from the waste package through an alt gap to
the borehole is dependent on the flow and characteristics of air around the waste package, in addition to i
convective air currents in the air gap, air flow across the tmundary of the borehole may eccur as air Cows

'

through the geologic setting due to orographic effects. Characteristics of air in the borehole / container gap
could be affected as air leaves the gap and is replenished from the geology by circulation through a
" breathing" geologic setting. Such air transmission through the geologic setting would affect and be
affected by elevated ter speratures and temperature gradients, due to the thermal load from the radioactive
wastes and by the vertical temperature and barometric gradients imposed on the land surface.

Heat induced mineralogic change may cause dewatering of surrounding clays, which might
inDuence the corrosion resistance of the waste-packags components by changing the water volume in the
pore spaces and the water-vapor content of the surrounding gases in the pore space. As a result of
temperature changes, mineralogic changes in the host rock may occur. Such a change can affect the
movement of water in fractures containing expandable clays or zeolites and,-in turn, potentially innuence
degradation of the waste containers. Data on the thermal responses of unsaturated media, in particular,
are relatively scarce. Significant experimental observations will be required to fully understand the effect
of thermal loads on the anticipated host geology and, consequently, on geochemical and geomechanical
changes that might affect the waste packages in an unsaturated environment.

The volume of gas in the pore space in the host rock possibly will interact with containers in
various ways, depending on oxygen content, liquid and gaseous water content, absolut: temperature, and
temperature regime. Some have calculated that gaseous oxygen in the pore spaces of the host rock might
be purged entirely from the immediate vicinity of the waste packages, thus encouraging reducing
conditions; others point out that, within the dry zone, hot, vapor-laden, oxygen-containing air returning
toward the containers might lead to formation of a desirable passivating layer, composed of metal oxides
and hydroxides, on the metallic components of the waste package. One additional theory suggests that
the zone proximal to the waste package will be absent of air and become saturated with water vapor The
presence of water vapor can greatly innuence the environment near the waste package, Certainly, the
porosity and the fracture density and interconnectivity of pores and fractures in the host rock will innuence
the likelihood of certain interaction scenarios.

The effects of radiation upon the host geology may in0uence pore spacing, interconnectivity of
pores and/or fractures, changes in mineralization, and the type and rate of generation of radiolysis products
in the near-field. Radiolysis products could be influenced by the temperature of the waste package. The
radioactive elements fueling radiolysis will have lessening radiation fields through time and should result
in a changing environment in the water-gas. host rock system, with decreasing radiolysis products being
present as time progresses.

. As the temperature in the repository rises to a peak and then cooling begins, the type and physical
condition of the host geology will affect the rate of decrease in size of the dry zone expected to surround
the waste emplacement initially. As cooling ensues in the host geology, groundwater might return to the
vicinity of the waste packages. The repository groundwater could pick up constituents from the backfill,
host geology, and precipitates deposited during the warmer periods, thus increasing the ionic strength of
the solutions. The high ionic strength solutions formed from host geology / groundwater interaction could
increase local corrosion rates. Mineralogic changes in the host rock could be induced by the
reintroduction of water to previously dehydrated forms and by subsequent swelling of the host materials,
with attendant results on the waste packages. Additionally, liquid water (containing these same minerals)
that is suspended above the waste package by the heat pipe, could drain or drip onto the waste package

j during the heating phase after waste emplacement.
l
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The site specific geology / waste-package material compatibility should be con <dered in the selection
- of materials for various components of the waste package; for example, coppt and coppr alloys are more
stable with basalt than with tuff / carbonate geology. Salt deposits would be plastic and would encapsulate
the container; therefore, the container should be able to withstand the lithostatic pressures that would be
generated. Certain rock types would generate more colloids than others as, for example, organic tich
shales.

Other possible concerns related to geology would be the effects of human intrusion and the effects
of site alteration such as boreholes, drifts, sealing, and other constructions on the environment.
Construction and operation activities or later human intrusion could increase the likelihood of water
penetration along manmade preferential pathways to the repository level and might result in accelerating
or altering the degradation mechanisms operating within the geologic matrix adjacent to the affected
boreholes, drifts, or seats. There might be additional detrimental effects on the corrosion of the waste
packages due to the release of chemical species that adversely alter the chemistry of the "in-situ" water,
if materials foreign to the local environment are introduced into the boreholes, shafts, or scais and
consequently migrate to the immediate vicinity of the containe s; e.g., the use of cement to plug boreholes
or for scaling could allow elements that were catalytic or directiv detrimental to cortcrion of containers
to become a part of the near field environment adjacent to the affected borehole, shaft, or seal.
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3.1.4 Volcanic and Seismic Hawds

An important phenomenon that could conceivably affect the performance of the waste package is
ground motion due to volcanic and seismic activities at or iu the vicinity of the geological repository. The
ground motion could cause displacement through joint slip, for example, of the rock in a tuff repository.
Falling rocks could result in physical damage to the HLW container and other waste package components,
which may compromise the ability of the waste package to provide containment. Volcanism may also
increase the temperature of the repository and introduce new or alter existing fluids and gas chemistries,
which could change or accelerate the degradation modes of the HLW package materials. Disruption of
the geologic barrier by fault or joint displacement could significantly increase the gross permeability of
the rock mass, which, in turn, could increase the amount of water available for corroding the waste-
package components. Other areas of concern are described in the two sub sections on volcanotectonics
and seismicity in this report.

In the analysis of the likely damage to the HLW container and the waste package components in
a repository situated in a rock mass, computational schemes that will model the dynamic behavior of
jointed rock must be employed. In this regard, it is notable that dynamic soil-structure interaction schemes |
have been applied in the nuclear industry for some time. However, the nature of ground motion in the j
sub surface is different from that on the surface, and jointed rock exhibits constitutive behavior quite
different from that of soil or salt deposits. Thus, experience gained in design analysis and performance
prediction for surface structures founded on scils may not be relevant to the problem of dynamic analysis
of underground waste package emplacement tx>rcholes. Therefore, appropriateness of using seismic and
volcanic data and technical information from a geologic setting different from the site being considered
for the repository should be evaluated carefully before using it for estimating the potential damage to the
waste package.

1

|

|

.
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a
3.1.4.1 Volcanotectonics

.

' Statement

Volcanism and/or tectonics (volcanotectonics) may be a contributing factor that leads to changes
in the modes / kinetics of degradation of container materials.

Concern

'i

Volcanotectonics may affect indirectly the degradation modes / kinetics of waste package materials
in one or more of the following ways:

(1) changing the elevation of discharge and/or recharge areas, : emote from the repository, thus
causing changes in the geohydrology,

(2) changing the near field stresses, leading to containers and linings being subjected to stresses
exceeding their design limits,

f

-(3) increasing the repository temperature,

(4) introducing new or altering existing fluid and gas chemistries,

(5) altering the stratigraphic relations that could change the geohydrology and geochemistry of
the site,

(6) significantly offsetting the discontinuities that transgress containers' emplacement sites.

(7) leading to sloughing and collapse of the emplacement hole with little change in pressure on
the container.

The concern for the waste package is that these scenarios may result in significant detrimental
mechanical and hydrological changes to the environment inadequate characterization of mecnanical and

|- hydrological responses of a repository with respect to volcanotectonics could lead to inaccurate predictions
,

| of the ability of HLW package to provide the required level of radionuclide containment.
,-

Basis,

Volcanotectonics is to be distin;,uished from seismicity in assessing possible effects on waste
containers. .Scismicity (e.g., earthquakes) are relatively short. term dynamic events. Volcanotectonics is
a longer-term quasi-static process.

Mechanical changes resulting from volcanotectonics include changes in state of stress and changes
in rock displacement. Changes in the stress state of a diffusion barrier, such as a bentonite backfill, could
change characteristics of the barrier and adversely affect performance by changing permeability and or
adsorption characteristics. Other mechanical effects could include shear offsets on discontinuities
sufficient to cause wall rock and/or liner deformation such that the waste container is impinged. These
shear offsets may cause containers to shear or bend, thus inducing stress concentrations in the container
and possibly changes in the mode / kinetics of degradation of the cor.tainer material. Volcanic forces could

! also cause a change in the temperature field near the waste package, and as a resuit, change the base
,

conditions without directly damaging the waste package.

18
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Hydrologic conditions in the rock mass may be altered as a result of volcanotectonics. Possible
changes include permeability, degree of saturation, groundwater table elevation, and flow gradients. There
could also be a change in fluid properties due to the intreduction of more corrosive fluids or corrosion
products. These changes, individually or in combination, could result in important changes in the local
container environment.
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3J,4,2 Schmicity Efects

Statement

Seismic events could be a contributing factor to changes in the modes or kinetics of degradation
of the waste package.

Concern

Seismicity may indirectly affect the degradation modes and/ or kinetics of the waste package in two
ways: (1) it may induce mechanical instability of the container emplacement boreholes, possibly leading
to the failure of one or more components of the waste package, and/or (2) it may lead to modification of
hydrologic conditions in the repository, i.e., modification of ground water flow patterns and levels.
Changes in the ground water level may result in a change of emplacement environment from an
unsaturated to a saturated conditica or vice versa. Inadequate characterization of mechanical and
hydrologic responses of a repository with respect to seismic activities could lead to inaccurate predictions
of the ability of the waste package to provide containment for the radionuclides,

Basis

Seismic events induce transient ground motion The mechanical response of excavation (drifts and
emplacement boreholes), near field rock to transient ground motion, is determined by the usual range of
site characteristics and excavation design variables. These include mechanical properties, structure and
ambient state of stress in the host rock mass, shape and dimensions of the excavation, properties and
design of support and reinforcement systems, and the specific nature of the imposed ground motion.
Damage to waste containers from seismic events may involve one or more scenarios as follows,

1. Shear Offsets
Shear offsets on discontinuities could be sufficient to cause wall rock and/or liner
deformation such that the waste package is impinged. These shear offsets may cause HLW
containers to shear or bend, thus inducing stress concentrations and/or changes in the mode
and/or kinetics of degradation of waste package materials, and

2, Shaking
Shaking could cause borehole spallation, roof falls, and/or wall rock loosening involving
translational movement of rock blocks into emplacement-boreholes, Waste packages in

(- unlined boreholes may be damaged through the dynamic impact of individual blocks or by
the resulting quasi-static external loads.

|-
Two different time scales are involved in the seismic effect on hydrologic conditions in a rock
immediate response involves groundwater changes attending passage of ground wave, such asmass,

water well fluctuations and changes in:he heat and water transfer conditions, Longer term pseudo static
response involves permanent changes in rock-mass conditions such as fracture permeability or hydrologic
changes in water table and groundwater flow modification, in addition, some believe that seismic
pumping may push groundwater from an aquifer below an initially unsaturated repository horizon to the
host horizon, resulting in flooding of the repository,

20
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3.1.5 Radiation cnd Radiolysis

Statement;

The radioactive content of the-HLW container (vitrified waste form and spent fuel) will generate
a radiation field and will produce new chemical species not present in the repository at the time of waste
package emplacement via interactions of radiation with the environment.

Concern

The effects of a gamma radiation field provided by the radioactive inventory of the HLW containers
could have adverse effects on the performance of waste. package components in a repository environment.
The radioactive contents of the HLW container provide a unique environment that could interact with and
change the existing repository environment, the geologic setting, and the container material. The
interactions could possibly lead to new degradation modes or an acceleration in the rates of degradation
observed in the absence of a radiation field. The radiation interactions could compromise the ability of
the waste package to perform as intended.

Basis

The intense gamma radiation field expected to exist in the vicinity of the container for the first few
hundred years could alter the environment, resulting in rapid deterioration of the waste. package
components. Gamma radiation could lead to phase tratuformation ofless soluble constituents of the rocks
or minerals to phases and minerals that are highly soluble in water. In the event of water intrusion into
the repository, the transformed minerals with higher solubility could form liquids in the container borehole
that are much more corrosive.

Another likely effect of the gamma radiation field is the radiolysis of water, vapor, and gases.
present in the repository. This could lead to the generation of highly corrosive compounds like hydrogen

_

peroxides, ammonia, nitrogen oxides, carbonic acid, nitric acid, and other chemicals that could have
deleterious effects on the container material. Gamma radiation could also alter the properties of passive

' films formed on' corrosion resistant alloys. Separate as well as synergistic effects of radiation with the
major variables must be considered. These include not only the environment in the repository at the time
of emplacement, but also changes in environment, geology, and hydrology with time. !

i
The understanding of the effects of radiation will have to be demonstrated for the purpose of ['

predicting the useful service life of the waste package in a repository environment. Techniques used to
simulate the long term radiation effects, other than just increasing the dose rate, may have to be developed
and shown to be an appropriate surrogate for time.
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3.1.6 Microbial Environments and Eger:s

Statement

Literature on microbial corrosion shows that attack on metals in the form of pitting corrosion,
crevice corrosion, and stress corrosion cracking can be accelerated by the presence of microbes in the soils
and waters. Derefore, there is a possibility of accelerated attack on the container material due to the
biological activities of some types of microorganisms that might exist or be introduced in the repository

l as a result of the repository construction and operation activities.

Concern

Microbes in th waste package environment may accelerate or change the modes by which
components of waste package are affected over time. De resulting alterations may involve degradations
that are more severe than those predicted in the mechanistic arguments or in bounding calculations used

i in performance assessments.
i

Basis \

Extensive research to investigate the kinds of nicrobes and bacteria that may be present, survive,
and grow in deep geological repository settings has not been done. The reason presumably is that the
anticipated presence of high radiation fields and elevated temperatures in the early part of the repository

' life would sterilize the local environment. However, after a few hundred years, the temperature of
containers containing vitrified waste will drop below the boiling point of water, allowing liquid phase
water to come in contact with the containers. Some forms of microbes have been reported to exist and
multiply in waters at the temperatures expected in a geologic repository, and have been reported to lead
to accelerated degradation of metallic materials-

ne microbial attack on metals usually manifests itself in accelerated corrosion or a change in the !

corrosion mechanism, due to aggressive chemicals produced by microorganisms. A vast amount of
literature exists on microbial corrosion and degradation of materials; therefore, only a few selected
examples will be given here. These include the possible effects of some types of microbes in the changing
repository environment leading to accelerated degradation of the container material.

At least 37 types of organisms are known to be associated with corrosion. The biological
mechanisms through which these microbes play a role in degrading metallic materials are varied. For
example, by consuming oxygen, many organisms create concentration cells, which can lead to crevice
corrosion type attack on some metals surfaces, such as stainless steels. The metabolic production of CO 2

by other microbes creates carbonic acid, which is corrosive to metals generally. Many microbes also
produce organic acids under biofilms on the metal surfaces, leading to a pitting type of attack.

One variety of microbe, Desulfovibrio desulfuricans, considered deleterious to copper and
copper based alloys, is a sulfate-reducing bacterium (SRB). These bacteria can coexist with oxygen-
scavenging microbes, and can reduce sulfate to produce H S or FeS. Rese compounds are highly2

corrosive to many alloys including noncuprous materials such as stainless steels and nickel-base alloys.
The SRB are most effective in reducing inorganic sulfates to sulfides in the presence of hydrogen or
organic matter, and are aided by the presence of an iron surface. The SRB grow in anaerobic conditions,
but the deyee of adaptation to an oxygenated environment needs to be studied. Generally, stainless steels
containing high amounts of sulfur are not recommended for use if the presence of SRB is anticipated.

I
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Another type of bacteria, Thiobacillus ferreoxidans, are known to oxidize sulfides to sulfates
preducing sulfuric acid, which is very corrosive to copp:r and copper-based alloys. Thiobacillus
ferrooxidan may also oxidize other species in the water such as ferrous ions to ferric ions, which can lead
to accelerated corrosion of metals. Another area of concern is the possibility of microbes aiding in
migration of radionuclides to the biosphere upon failure of the HLW container.

Since many varietics of microbes exist, survive, and grow optimally under different type if
environments, the evaluation of effects of microbial activities on the container material degradation will
have to take into consideration the specific characteristics of the repository site.
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3.1.7 Container Internals p
Statement

The contents of the waste container probably will react with the container. Therefore, the ability
of the waste package to provide containment for its contents may be determined by ti" egradation modes
applicable to the container inside rather than the outside surfaces.

Concern

The HLW containers may contain spent fuel rods, assernblics, .other fuel asserely hardwarc,
vitrified waste (defense or civilian) enclosed in pour canisters, internal fixtures to support the contents,
and a gaseous medium to protect the fuel cladding and UO in failed fuel rods from deg: sation. Some2

of the contents may not be compatible with the container material, and under some adverse conditions,
accelerated degradation of the HLW container may occur from inside.

Basis

There may be several different types of materials in the container, such as fuel rods fabricated from
Zircaloy-2, Zircaloy-4, zirconium niobium alloys, zirconium-lined Zircaloy 2, or stainless steels; fuel
assembly hardware made of various grades of stainless steels, high nickel and high-Gromiuru ctioys; pour
canisters of Type 304L stainless steel containing reprocessed waste; and container fixtures (various
materials). In addition, the fuel rods are expected to have a thick oxide layer from years of service in
power reactors and subsequent storage in spent fuel pits. The oxide may contain contaminants from be
coolant (like boron and lithium hydroxide) and from the secondary side of the power plant, nickel from
steam generators, or copper from concensers. Furthermore, some of the fuel rods may fall after
emplacement of the HLW container in the repository or may be water logged. The water logged rods
have the potential for releasing radioactive gases and corrosive chemical species from the UO fuel pellets.2

Another adverse situation may arise if a pin hole breach in the outer container lets in air, water vapor, and
radiolysis products from outside into the inside of the container.

Dese possible internal situations could provide a much more aggressive environment than that
prevailing on the external surface. Under such conditions, a galvanic corrosion cell could be set up, which
could lead to rapid degradation of the fuel cladding or the outer container. Either situation has potential
for accelerating the degradation of other components of the waste package. Migration of the wasted metal
products to nearby containers could add additional complexity. Also, rapid deterioration of other unfailed
containers in the vicinity could occor because of the buildup of a more aggressive corrosion environment.
This is an example of how a failed container (due to internal degradation) could compromise the ability
of other unfailed containers to provide containment.

Therefore, it is necessary to study the effects of (1) releases of gases, vapors, and liquids from the
fuel rods and the vitrified waste pour canisters, and (2) other interaction products of the internal contents
on the internal and external degradation modes of the HLW container. Again, similar to the external
degradation modes, scientific understanding of the internal degradation modes of the container has to be
obtained and should be demonstrable for the purpose of making long term projections of the performance
of the waste package, based on short term laboratory test data.

26
i

|

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ _ _-



- .. . _ _ _ _ .

Bibliography

1. J. W. Braithwaite and M. A. Molecke, " Nuclear Waste Canister Corrosion Studies Pertinent

to Geologic isolation," Nuc1 car and Chemical Waste Manneement,1 pp. 37 50,1980.
.

27

-_ _ _ _ _ _ _ _ - _ _ _ - _ - _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ - - _ _ - _ _ _ - _



. _ _ _ _ _

3.2 Materials and Fchrication

Specifications are needed to assure that properties and design equirements for materials of
construction for the waste package and forintermediate and final prcJru 1s established by designers will
be met. The specifications serve as a link among the designer, the facticator, and the inspector. They
are used to assure that 1) the properties and characteristics of the materials placed into service match those
shown to be needed for the application, and 2) appropriate quality control standards are used. Fabrication
of various waste package components requires quality control through the use of qualified equipment,
trained operators, approved fabrication procedures, in praess and final product examinations, and
verification tests. Inspection criteria and reports are required to confirm the acceptability of the
components.

i
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3.3.1 Quality Control

Statement

Quality control involves actions related to the characteristics of a material, structure, component or
system, and provides a means by which conformance with predetermined requirements can be ensured. |

Concern

The actual performance of waste package components emplaced in the repository may not meet the
design requirements. The properties and behavior of prctotypes may not be replicated acceptably in the
production of a large number of components.

Basis

The waste package designs and specifications are developed based on mechanistic understanding
of alteration processes, results of laboratory testing, testing of prototypical components, extrapolation
through modeling, and engineering judgment. These are used to select a material to meet specific
performance objectives.

A quality control plan gives assurance that a product has been manufactured or constructed
according to the specified design. As noted, quality control involves actions related to the characteristics
of a material, structure, component, or system that provides a means to ensure conformance to
predetermined requirements, it is also a set of actions that is planned to ensure that the processes through
which waste is :eceived, encapsulated, and emplaced fulfill predetermined requirements. The state of the
materials used for containers should be fully characterized before fabrication and throughout the different

steps in the fabrication process. Requirements and specifications for waste package materials should
include containers and other components of the waste package.

For thousands of waste packages that are located in the repository, conformance to specified
requirements through a thorough quality control plan provides reasonable assurances that defects that
might lead to premature failure of components are not present.

Examples of actions to be included in a quality control program are dimensional measurements of
components, mechanical tests to evaluate strength, ductility, or toughness, standardized corrosion tests for
localized corrosion, in particular, intergranular corrosion, etc., as well as specific nondestructive and
destructive tests for weldments.
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3.2.2 Materials Specifications
I

Statement c

Materials specifications define the properties and characteristics believed to be needed for acceptable i

service life of components.

Concern

Deviations of materials properties and characteristics outside the range permitted in specifications
can give rise to uncertainties that may lead to unacceptable service life.

'
Basis

l

As _ components m being fabricated, appropriate materials specifications are required 'for the
_ procurement of materials. Specifications such as those given in the Annual Book of ASTM Standards_

should be adopted.' It is recognized-that these types of standards are not design specifications and,
therefore, they do not take into account the expected service conditions, except in a very limited way.
Thus, materials standards of the type available through the American Society for Testing and Materials
(ASTM) can be used to assure only that the characteristics of the as received materials or the as fabricated
-components are similar to those of critical test specimens or of prototypical components used to make <

service life predictions. The required supplement to these specifications is the scientific understanding
that relates environmental conditions to the behavior of a component in a repository. When this
understanding is available, the service requirements needed for design specifications can be established
so as to ensure that the long-term performance objectives can be met.

The requirements for a _ waste package design are defined in a set of-specifications, related to
| materials quality, production methods, chemical composition, fabrication procedures, thermomechanical

treatments, and repair procedures. The specifications are used to ensure that the properties of waste-
package components are consistent with the requirements for repository service. The specifications dictate
the nature and quality of the components and thereby make calculations of their durability possible. These i

specifications furnish guidelines for fabricators who must supply acceptable products. The specifications

L also guide inspectors in their determinations of compliance with the requirements,
l-

The properties and/or characteristics that are commonly specified and monitored for engineering
|. materials can be broadly classified as chemical, physical, microstructural, and design related. Examples
j of properties that require specifications are the chemical composition of an alloy (including ranges for the

L alloying elements and acceptable maximum limits of trace and impurity elements) and mechanical
p properties, such as strength, ductility, etc. Characteristics to be considered -include level of residual
j stresses, microstructure (including grain size, amount of cold work, and morphology of impurity elements

j such as stringers in rolled product), texture of rolled product, surface finish, and surface flaws. In
addition, weld defects (e.g. poor penetration,' undercutting, porosity, excessive grain growth, etc.), as well
as alterations induced by welding (grain boundary segregation, and microstructure in the weld heat affected
zone (HAZ)), should be considered.

Specifications are related to performance through the best available scientific understanding, which
is. developed by testing, theoretical and analytical considerations, and other means. Commonly,
performance can be demonstrated only for products within a narrow range of properties. In this case, for
example, the chemical properties can be characterized by nominal compositions, in addition, a range of
permitted values is frequently needed to specify completely materials properties and characteristics. In
many cases, local variabilities in the content of alloying elements are known to have significant effects

30
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on service behavior, but these variabilities are usually measured and assessed fcr their significance.
Metallurgical remedies or countermeasures may b required to eliminate or reduce any significant effects.
These assessments and remedies are, in part, responsible for the establishment of permitted composition
ranges for each alloying element and maximum values for certain impurity elements.

For waste-package components, materials requirements and specifications should take into account
the entire service life, including the repository preclosure period. Requirements for waste package service
should include the requirements to supply materials in accordance with good engineering practice, as, for
example:

1. Acceptance criteria are used to ensure compliance with specifications developed from all
available information.

2. Materials specifications can be written with a high degree of verifiable assurance that the
quality of the components actually produced matches that required under applicable
specifications, as, for example, for items such as material identification, heat treatments,
adherence to established processing procedures, compliance with specified composition,
mechanical properties, and other acceptance criteria, as appropriate.

3. Materials qualification tests can be used to qualify materials for use by ensuring that they
meet design specifications.

4. For both the materials and the components, permitted deviations from specifications shall be
only those that can be accommodated by the use of safety factors. This accommodation for
all engineering uncertainties is consistent with the intent to furnish a conservative design.
Ukewise, scientific uncertainties can be appropriately factored into calculations through the
use of bounding conditions that lead to conservative predictions.

Fitness of a component for waste-package service can also involve assessments of the materials
characteristics that controllong term durability. As most existing specifications do not address these types
of assessments, they will have to be developed for each component, based on a life-cycle analysis that
takes into account the environmental conditions and expected service life.
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3.3.3 Materiah Characterization

Statement

To ensure that components selected for use will be acceptable in service, materials characteristics
and the variability of these characteristics are known and related to service performance.

Concern

The variability in the characteristics and properties of the large number of waste package
components in a repository may be so large that the acceptable behavior, as demonstrated either for test
specimens or for a prototypical component of a waste package, may not be representative of the actual
behavior.

Baris

To demonstrate that a material is suitable for some aspect of repository service, it is important to
understand the characteristics of the material in relation to the requirements of that particular aspect of
repository service. The variability of the characteristics, as rneasured by selected parameters, can be
significant. Materials with high variability may prove to be unsuitable for production of a large number
of waste packages.

Service performance can be related to various characteristics. For example, the yield strength may
govern buckling under compressive loads; a given thickness of protective coating may be needed to give
1000 years of corrosion protection; only compositions within a specified range may furnish a
thermodynamically stable alloy, etc. The values of the parameters used to assess these characteristics can
vary significantly in production. Among the factors to be controlled in production lots for large numbers
of waste packages are raw materials, production methods, fabrication procedures, and transportation
processes. Each of these factors may give rise to variabilities important to service behavior.

The task is to determine whien characteristics affect service behavior, and to know and to specify
the acceptable ranges for pertinent parameters that can be related to expected service performance. For
example, in a metallic canister, the pertinent characteristics might include microstructure, chemical
composition, and mechanical and physical properties like strength, ductility, grain size, texture, and the
amount of cold work. Some of these characteristics may be relatable to service behavior, and the
understanding of the relationships must be sufficient to determine the limiting values for these
characteristics, as measured by various parameters, such as the percentage of carbon, the maximum and
minimum values for alloying and impurity elements, the ASTM grain size number, the 0.2-percent-offset
yield strength, etc.

Examples of variabilities that could lead to unexpected behavior in service are cited below:

i (1) Over time, materials suppliers may change, and the properties and behavior of components
used in the early years may differ from those in later years.

(2) For an alloy prepared to a standard specification, the chemical composition can vary from
heat to heat.

; (3) Within a single heat plate.to. plate variabilities and the variabilities from the center to the

| surface (or to the edges) of a plate may be significant.

!
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Tests used to predict repository behavior of a component must ha conducted under conditions that
represent those expected for an as-emplaced component in a waste package. For example, standardized
corrosion tests may require the surface of the test specimens to be specially prepared (electropolished,
degreased, mechanically polished, etc). Although this may be acceptable for a determination of the
relative ranking of materials, it may not be suitable for representing the expected service behavior of an
emplaced HLW container. In the repository at the time of emplacement, a container surface may differ
from the as-polished surface of the test specimen, and the container surface may change significantly over
the long period required for acceptable service. Thus, the test condition would not match the service
condition, and the evaluation must take this into account. In this case, perhaps bulk properties, or some
measured propcrties, in the presence of surface oxidation products, may be required to aid in prediction
of the long-term performance of the container.

Variations in chemical compositions must be taken into account in determinations of the
acceptability of prototypes developed from the (electrochemical) test data. For example, tolerance limits
for sulfur impurities can be developed on the basis of the best understanding and acceptance tests
conducted at acceptance limits.

Adequate testing must be conducted to determine the importance of various characteristics of
materials and to document that limiting values for pertinent parameters used to evaluate these
characteristics are known. Using appropriate ranges for these parameters, specifications, and requirement
can be written with assurance that the prototypes represent the products of the large-scale production.
Hence, detailed characterization of materials and their properties may be needed to furnish assurance that
the behavior of components placed into service will be similar to that of the components tested as
prototypes.

Wherever possible, standardized tests such as those published by ASTM, American Society of
Mechanical Engineers (ASME), and National Association of Corrosion Engineers (NACE) should be used.
However, some widely used tests may also be used in preliminary screening, for example, by running a
series of constant extension rate tests (CERT). These tests can provide information about the loss in
ductility and the load bearing capacity of the metal in the test environment, and they could be indicative
of the sensitivity to an environmental condition. Where standardized methods are not available, specific
tests will have to be developed for use in repository licensing.
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3.M Fabricadon Process Spec (ficadons

Statement

The properties and characteristics of' fabricated products are functions of the fabrication
specifications processes. The fabrication specifications describe the fabrication processes in order to
ensure the necessary performance of waste package components.

,

Concern

Fabrication ' processes may accelerat: the degradation rates of waste-package components.
Specifications of inadequate quality could lead to poor fabrication practices and result in larg- variabilities
in performance of these components.

Basis
,

Fabrication related considerations include, among others, residual stresses, welding parameters,
- alloying and impurity elements, microstructure, thermomechanical treatments, and impurities picked up
from the environment during fabrication.

For example, adverse effects of welding are numerous, and they result from a variety of causes.
= Many of the commonly used engineering materials, particularly stainless steels, when welded, undergo
metallurgical phase transformations and segregation of alloying elements, which may alter mechanical
properties and corrosion behavior. Sometimes, problems are caused by improper choice of filler metal,
welding technique, and/or post weld heat treatment.

Fabrication procedures can greatly affect the properties that govern the behavior of fabricated
products und so, to ensure acceptable behavior, the characteristics of both the as-received materials, as well
as those of the fabricated products, must be known. Procedures required to repair components, e.g.,
through welding, can play an important role in materials selection. The selection process involves
consideration of any required post fabrication thermomechanical treatments. In this application, the
materials selection process will focus on the ability to demonstrate acceptable, long term service
performance of fabricated components under repository conditions.

Fabrication specifications permit the production of large numbers of components with a narrow
range of properties and with characteristics that are consistent with the design requirements. An example
of high-quality welding specifications can be the ASME Boiler and Pressure Vessel Code, Section IX,
" Welding._" Although these specifications are not necessarily tailored to the needs of waste package
cornponents, they do contain many features needed to manage fabrication quality.

A specification for welding, for example, should include the following:

1. Process Gas Tungsten Arc Welding (GTAW), Gas Metal Arc Welding (GMAW), Shielded
Metal Arc Welding (SMAW), friction welding, etc.

2. Materials - filler metal, flux, atmosphere

3. Preheating, post weld heat treating, and inferpass temperature control

4. Joint geometry
.

,
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5. Quality control - includes qualification tests for weldmets atn welders, standard mechanical
tests, corrosion tests, and nondestructive testing of weldments.

6. Repair procedures for various types of damage that could occur as results of improper
handling or fabrication techniques.
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3.2.5 MetalStebility

:

Most engineering materials of construction are alloys of two or more elements. These alloys can '

undergo phase sepatation or transformations, resulting in a thermodynamically more stable multiphase |
microstructure or resulting in a single-phase structure with second-phase particles or intermetallic

)
compounds. There is a concern that rnore stable phases, in some cases, may have undesirable or

i

unacceptable characteristics, e.g., lack of adequate ductility, high susceptibility to attack by oxygenated
waters or radiolytic products of repository gases, vapors, and liquids, in addition, these phases may be
electrochemically anodic to other phases in the microstructure and may lead to galvanic cell behavior and
galvanic corrosion on a microscopic scale. The kinetics of these very slow transformations,
thermodynamic instability of the metallurgical phases, and toe properties of more stable resulting
microstructures need to be studied and understood in order to determine the acceptability of selected )
material for fabricating waste package components for a geological repository.

,

i

|

1

|
1

l

'
;

i
,

36

. . . _ _ _ - _ _ _ _ _ _ _ . .



._ -_-_____

3.3.S.1 Base Material

Statement

Stability of a material is related to its rate of transformation (which can often be detected by
examination of the microstructure) with time, temperature, exposure to radiation field, or other changes
in the environment to which it is exposed.

Concern ,

Many engineering materials of construction are thennodynamically unstable or metastable.
Therefore, there is concern that such materials, while in use in a geological environmem, may transfonn
with time to materials with less desi able or unacceptable properties. The concern arises primarily because
of the extremely long service require nent in a thermal and radiation field.

Basis

Almost all common metallurgini microstructures are in nonequilibrium with their surroundings and
can transform to more stable metallurical phases under certain conditions. Phase transformations begin
with the appearance of a number of very small particles of the new phase, which then grow until the
change of phase is complete. It is possible to predict, from kinetic principles, the temperature
dependencies of nucleation and growth and, therefore, the overall transformation rate (however, heat
generation arising from radioactive decay makes the prediction much more complicated).

Through such predictions and microstructural observations, it is found that two common types of
widely used stainless steels, vjia. Types 304 and 316 (both regular carbon content and low-carbon grade)
are metastable because of the possible coexistence of body-centered cubic and face-centered cubic phases.
These stainless steels are also susceptible to intergranular stress entrosion cracking (IGSCC) when
subjected to a sufficiently severe environment involving stress, corrosive environment, and a thermal
exposure in the ' sensitizing' temperature range (500 to 850'C). This is due to formation of MuC.
intermetallic carbide particles ai the grain boundaries. This leads to a narrow chromium-depleted zone,
adjacent to the carbides, which is much more susceptible to aqueous corrosion attack than the rest of the
microstructure.

In copper based binary alloys, iron is often added in small quantities to increase the corrosion
resistance and improve the mechanical strength of the alloy. The iron is often present in a finely dispersed
second phase as delta iron. There is a concern that long term phase transformation kinetics / migration of
the second phase iron and its consequences on the corrosion and mechanical properties of the waste-
package components may not be desirable or acceptable. In addition to the concerns of the instability of
a single-phase r. crostructure or the thermodynamic metastability of the two-phase microstructure under
an elevated thermal field, there are uncertainties asweiated with the kinetics of phase transformation under

gamma radiation, for extended periods of time.

The above referred discussion provides examples of the kinds of concerns that exist about the
stability of the base metal that might be used for fabricating components of the HLW package. These
concerns, related to metallurgical phase stability, will have to be addressed through analyses based on
fundamental understanding of the thermodynamics and rate kinetics of the phase transformations likely
over the very long service life in a repository.
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3.2.S.2 Weldments

Statement

Regardless of how the HLW container is fabricated, it is very likely to have one or more joints and
closures. The properties of these joint or closures and their long term behavior in a geologic repository
environment could be quite different from those of the container base metal,

Concern

if the degradation rates of the container closure and joints are higher than those for the base metal
in a geologic repository environment, then the response of the closure or joints will become the
life limiting criterion (rather than the degradation modes applicable to the container bulk material).

D Basis

Many of the commonly used engineering materials, when welded, go through metallurgical phase
transformations that produce embrittling metallurgical phases in joints, and this may lead to inferior
mechanical and/or corrosion properties. Proper choice of filler weld material, welding technique, and/or
post weld heat treatments can reduce the undesirable effects that are sometimes associated with weldments,
but one may have to accept some degradation of the materials and account for it in the design,
performance evaluation, and useful life determination of the degraded product.

An example of a problem that has to be evaluated seriously in austenitic stainless steels is their
susceptibility to develop a sensitized microstructure when exposed in the 500 to 800'C temperature range.
Sensitization exposures can occur during ,4brication and wc! ding processes that may be used for the waste-
package components. The sensitized material exhibits much lower impact strength, and has a higher
susceptibility to intergranular stress-corrosion attack. Another example of thermal stability concern, related
to welding, is in commonly used ferritic stainless steels, Welding of these steels is considered to be a
problem because of coarse grains and the martensitic structure that develop in the weld and HAZ. These
chan8es lead to significant changes in the mechanical properties of the welds.

The above two examples relate to welding (thermal effects) in stects; however, the problem of
metallurgical phase stability in joints and closure welds is pervasive to all materials and should be
addressed in the context of other important repository environmental conditions. Examples of these
conditions include the effects of gamma radiation emanating from the container, the radiolysis products
formed from vadose vapor and liquids, due to the gamma radiation field, and the temperature in a waste

package,

ne broader questions related to joints and closues welds can be summarized as follows: (i) are
the joints and ch>sure welds susceptible to any degradation modes in addition to those applicable to the
base metal; (ii) are the kinetics of degradation of joints and closure welds faster than those of the base
metal in a repository environment; and (iii) can the waste package still provide the required level of
containment in spite of the difference in the behavior of its bulk material and its joints and closure welds,
including the HAZ?
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3.3 Degradatka Processes

The behavior of a material depends upon the environment to which it is exposed. In man made
environments, the response of a materiel usually can be controlled and predicted quite accurately by
keeping the environment within narrow well-defined bounds. An example is the LWR core environment
and the response of fuel cladding containing uranlurn dioxide pellets. However, in a geologic repository,
a number of uncertainties could exist about the environment. He predictability of the waste package in
providing containment for radionuclides will depend not only on how well the geologic repository
environment is known at the time of waste canister emplacement, but also on the validity of predictions
of changes in the environment for many hundreds or thousands of years after the repository is scaled. The
interactions between the changing repository environment and the waste package materials need to be
understood well in order to demonstrate that the waste package will meet its design objectives and required

functions.

This cection of the report provides some information on the possible modes of degradation that
could be applicable to the components of s waste package in a geologic repository. Although the
discussion of the materials degradation modes provided in this report generally applies more to metallic
materials, it is recognized that noninetailic aterirls and nonmetal / metal systems, such as ceramics

(oxida, nitrides, carbides), ceimets, composites, boaded metal-ceramics, graphite, polymers, surface
modified ud/or amorphous metallic or vitrified materials, may be used for the canister and other
components of the waste package. The identification of likely failure modes of these nonmetallic and
advanced structural materials in a geological repository environment could present additional challenges.
The studies on the degradation modes of these materials should provide, as appropriate, a thorough
understanding of the mechanisms involving delamination; metallurgical phase stability; effects of thermal
and radiation fields; low temperature, long term diffusion of alloying elements; and properties of the
interface.
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l

3J.I Gas 4fetalinteructions/0xidation

Statement

if the selected geological repository is hydrologically unsaturated at the beginning of the repository
life and if it is expected to remain unsaturated for a long period of time, then the effects of repsitory
gases on the llLW canister should be considered. Oxygen is likely to be the principal gas of conecrn, and
is expected to be present in a large quantity in an unsaturated repository. Other gases that may have
deleterious effect on the canister material also could be present in the repository or could be generated by
corrosion of the canister material, as for example, hydrogen. Gases such as methane can also be exsolved
from the repository geology as the pressure is reduced. Another possible mechanism by which gases from
the outside environment could be introduced into the repository is via heat pipes, especially when
two-phase flow is present.

Concern

Extended exposure of metals to high temperature oxygen containing gases leads to formation of a
surface oxide layer. The characteristics of the surface oxide formed during the time when only gaseous
or vapor phases are present in the repository environment could influence the later aqueous corrosion upon
intrusion of water into the geologic repository. Therefore, inadequate understanding of the characteristics
of the surface oxide formed in the gaseous phase, with and without the presence of moisture, could result
in incorrect predictions of the ultimate useful life of the waste package in a repository environment. In
addition, there is a concern related to the possibility of attack from the inside of the container, due to
release ofliquids containing radioactive species from water logged fuel rods, and by the fission gases that
might be released from fuel rmis that might fail after they are scaled in the HLW containers.

Basis

The environment in an unsaturated repository could be quite complex and aggressive during the -

carly years. The complexities likely to arise could be from much higher amounts of oxygen, nitrogen, and
carbon dioxide, than might be present in a fully saturated repository environment. (Oxygen, nitrogen, and
carbon dioxide solubilities in water are much lower than concentrations in u ) Coupled with these
concentrations could be a much higher concentration of radiolytic species resulting from gamma radiation
field dissociation of moisture and gases present in the repository (because liquids are not present in
sufficient volumes to reduce the effects of radiolysis products by volume dilution).

The above-mentioned, plus other factors, could have a profound effect on the oxide layer that forms
on the container during the first few decades to few hundred years after emplacement. Variations may
occur in oxide thickness, tenacity, porosity, content of impurity elements, stress build up, tendency for
spallation, and regenerative behavior of new oxides that form on the spalled regions. The early oxide Olm,
formed during the gaseous or vapor environment in the repository, could influence the subsequent aqueous
corrosion of the canister metal. All of these concerns need to be addressed through (1) understandiag of
the mechanisms involved, and (2) by obtaining data related to the kinetics of nucleation, growth,
spillation, and regeneration of the surface oxide in the gaseous, vapor, and aqueous phases, in order to
properly model the waste package performance in a repository environment.

If oxidation processes are not well understomi, the rate of oxidation in the repository could be rauch
higher than the predicted rates and this could lead to unacceptably high amounts of wall thinning. For
example, gamma radiation may greatly alter the oxidation rate by affecting the semi-conducting properties
of the surface oxides. In addition, grain boundary migration may also affect oxidation behavior.
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3J.2 Aqueous Corrosion

( HLW, particularly if emplaced at sufficiently high temperatures in an 'msaturated medium, will tend
I to dry out the geologic medium near the waste package. As the heat generated by the waste decays, the

medium proximal to the waste package will re wet to sorne degree. Additionally, at times before
significant decay of heat from the waste package, liquid water may be introduced onto the waste package
as a result of gravity drainage of water, frorn above the waste package, which had been suspended there
by virtue of the heat pipe effect. After that time, the container degradation will be influenced by corrosion
in the aqueous phase if water intrudes the repository. In a saturated repository, the container may be
always wet esen during the early part of the canister life in the repository, when the temperature is above
the boiling point of water. As such, the container may start degrading due to aqueous corrosion much
earlier, if the repository were saturated, as opposed to unsaturated. Depending, among other factors, on
(1) the chemical species present in the saucous phase,(2) the geometry of the container and its surface
flaws,(3) crevices in the waste package,(4) properties of the oxide layer already present on the container,
and (5) rupture and regenerative characteristics of the surface oxide films, the waste package material
could degrade via one or more forms of corrosion.

The degradation of a metallic material due to corrosion can be broadly classified into two types,
uniform and localized corrosion, depending primarily on the appearance of the corroded metal. For the
waste-package components, both types need to be considered. The emphasis will depend on whether the
material chosen is classified as a corrosion " allowance" or " resistant" material. The specific types of
corrmion considered most relevant to the HLW repository environment are: uniform, pitting, crevice,
galvanic, dealloying (selective leaching), and stress corrosion cracking. These forms of corrosion and their
potential for an adverse impact on the waste package materials are discussed in the following subsections.
The host media for the repository could be salt, basalt, clay, granite, tuff, or some other deposits. Each
of these media may present some additional or unique corrosion problems, which will have to be dealt
with in the licensing application for a specific geologic repository.
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3J.22 Uniform Corrosion

Statement

I
Uniform (or general) corrosion is characterized by a chemical or electrochemical reaction that

proceeds uniformly over the entire exposed surface, his is the most common form of metal wastage
j phenomenon in aqueous environments.

Concern

If corrosion " allowance" materials are used for the waste package as opposed to corrosion
;. " resistant" materials, the designers may account for a high corrosion rate of these materials in too

simplistic a manner. For example, the designer may just increase the thickness of the container to ensure
that a complete loss of the wall will not occur through aqueous corrosion during the containment period,

1 but may fail to consider additional concerns that may be a direct result of the use of corrosion " allowance"
materials.,

Basis

'
Sometimes, designers erroneously believe that it is casier to design an engineering component, for

service in a corrosive environment, with a corrosion " allowance" material, than with a corrosion " resistant"
material. His is perhaps because corrosion " allowance" materials degrade via a general or uniform
corrosion mode, rather than through a localized accelerated attack. De point is sometimes argued that
laboratory data for corrosion " allowance" materials can be used (conservatively) by designers, by assuming
the constant rate of corrosion observed in short term tests. General or uniform corrosion rates can be
predicted with greater confidence than localized attacks, e.g., pitting or crevice attacks, which are statistical
in nature and quite often unpredictable in terms of the k) cation and severity of the attack.-

The use of corrosion " allowance" materials for the waste-package components, however, needs
thorough evaluation of additional concerns that will be raised by virtue of using such materials. For

'

example, because of their higher general corrosion rate, the generation of greater concentrations of
corrosion products may have a more signif'icant impact on the surrounding environment than that resulting ,

from the use of corrosion " resistant" materials. Should the corrosion " allowance" material contain alloying
elements or impurities that provide favorable culture environrnents for microbes detrimental to the metal
corrosion resistance, e.g., sulfur and sulfur compounds, the microbial activities become increasingly
important.

Again, due to higher corrosion rates of corrosion " allowance" materials, the canister has to be made
more robust (thicker), which could lead to concerns related to metal creep. The' creep rate could be
influenced by the self weight of the canister during the early part of the canister life in the repository, and
due to lithostatic or hydrostatic loading during the later part of the canister life, when it has thinned
substantially, due to high corrosion rate.

Another concern with the use of corrosion " allowance" materials is the higher volurne of emosion
products that will be generated, some of which may contain activated elements. These corrosion products
could migrate away from the canister, to the " accessible" environment, even when the waste package is
providing complete containment for its radioactive contents.

F
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3.3.2b Locali:td Corrosion

localized corrosion is generally asacciated with metals that exhibit a phenomena called " passivity."
Passivity refers to the loss of chemical re.setivity under certain cuvironmental conditions. In effect, certain
metals or alloys ruay become essentially inert and act as if they were noble metals. On the other hand,
if certain conditions exist, these metals show localized accelerated attacks that far exceed the general or
uniform corrosion observed in these me:als. Such characteristics of the waste. package component
materials, if not recognized and addressai, could lead to premature failure of the waste package
components. In some cases, the failures could be significant relative to the performance requirements.
The localized attacks usually manifest themselves in the form of breakdown of the passive or protective
surface film, which is usually an oxide. The occurrence, intensity, and location of these localized attacks
are somewhat random in nature and cannot be easily predicted. This section of the report describes some
of the types of localized accelerated corrosion attack that could occur in HLW package components in a
geological repository. These, therefore, need to be considered appropriately in the process of materials
selection for the waste package components.

47

_ _ _ - _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ -



- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

3.3.2h.) Galvardc Corrosion

Statement

Galvanic corrosion results from electrical effects pnerated by dissimilar ructallic materials in
contact with each other in an electrolyte.

Concern

incompatibility of materials for the various components of the engineered barrier system (EBS)
eculd lead to unfavorable galvanic conosion of waste-package comp >nents. Optimization of construction
materials for various components independently could lead to the EDS being susceptible to unfavorable
galvanic corrosion of its components, particularly the container.

Basis

The EBS will include several components, such as borehole liner, container, pour canister (Type
304L stainless steel containing vitrified waste), fuel rods (mainly zirconium alloys or stainless steels),
Zircalcy fuel channels for BWR, and other fuel assembly coruponents mainly made of stainless steels or
alloys containing relatively high amounts of nickel and chromium. Although some freedom exists in
selecting materials for the boreholc liner, container, support plate, and emplacement dolly, there is no
freedom of choice for materials for sorne other components; or the choice has already been made before
the selection of material for the container, such as fuel cladding ar.J paur canister. (According to present

plans, most if not all of the existing, reprocessed HLW will have been vitrified and poured into Type 304L
stainless steel canisters several years t'cfore any repository is licensed.)

in the event of liquid intrusion into :he repository. galvanic corrosion of the container may occur
unicss the EBS components are optimized. .aus, in addition to other considerations, the HLW container
material will have to be cathodic to other components of the EBS system Thc aqueous environment in
which the galvanic corrosion might occur may be complex and include (1) corrosion products from various
EBS components, (2) radiolysis products from air and water vapor in the repository, and (3) leached
minerals from the repository geologic media. The liquids present in the borehole may be concentrated
by localized boiling on the container surface, in such a complex clectrolyte, components normally anodic
in pure water may exhibit cathodic behavior. Such a change in the electrochemical behavior of metals,
from anodic to cathodic polarization, has been observed in some varieties of stainless steels, such as Types
304 and 316, when a galvanic cell is set up with copper or copper alloys in different electrolytes.

The HLW container would be susceptible to galvanic corrosion attack in both the vertical and
horizontal emplacement configuration of the waste package. Therefore, assurance is necessary that the
container matetial will not act as a sacrificial anode during its life in the repository or that such a behavior

is predictable and can be factored into the container design. Additionally, galvanic corrosion may be a
possibility in the internal environment of the container.
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3J.2b.3 Pitting Cormsion

Statement

Most engineering materials show a form of localized attack, comrnonly referred to as pitting, under
some specific environment combined with specific surface conditions or alloy chemistry. The
characteristics and kinetics of pit initiation, growth, and repassivation are quite different in different types
of materials. If the geometry and local environment in the pit are not conducive to repassivation, then
kinetics of pit growth may be an important factor in determining the container life in a repository.

Concern

Pitting of a rnaterial surface is somewhat random in the location of the attack and may or may not
occur on a particular metal sample. localized p!rting can be severe when uniform corrosion is minor, and
it may be erroneously accounted for by foring it into the calculation of " uniform" corrosion rate.

Basis

A chloride environment may lead to pitting in some materials that depend on a surface passivation
layer to provide corrosion protection, such as in cornmonly used stainless steels. Surface pitting is not
frequently observed in copper / copper-based alloys that do not depend so strongly on surface oxide for
corrosion resistance. In copper and copper based alloys, corrosion pits tend to be shallow and have been
reported to reach a small finite depth beyond which they do not grow. The kinetics of the nucleation and
growth of pits are expected to be related to a number of factors, including inclusions, surface flaws and
finish, general service environment, and localized environment in the vicinity of the pit.

Without a detailed understanding of the causes leading to localized pitting, and the kinetics of
growth and repassivation (if any) of a pit, accounting for this localized but accelerated degradation mode 4

would be impossible. The lack of understanding of the pitting phenomena will also reduce the ability to )
'predict susceptibility of the material to pitting after a long incubation period. Use of a material with

known susceptibility to pitting for components of a waste package requires a scientific understanding of I

the causes of pitting and the kinetics of the nucleation and growth of the pits. These corrosion kinetics
will have to be considered in the waste package design, if the goal of long. term isolation of HLW in a
repository is to be achieved.
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33.2b.3 Crevice Corrosion

*

Statement

Crevice corrosion (sornetimes r~;arded as a special case of pitting corrosion) can occur near
crevices formed by either two rnetal surfaces or a metal and a nonmetal surface.

Concern

The sites for crevice corrosion on a HLW container may be unavoidable because of structural or
functional design and also may arise during the exposure period in a geologic repository, ne likely
locations of large crevices include the container bottom support plate interface (vertical emplacement
configuration), container wall dolly contact surfaces (borizontal emplacement configuration), and container
wall backfill interface (if backfill is used in the borehole, e g., bentonite clay). Examples of other sites
include spot weld lap joints; threaded or riveted connections; presence of foreign objects or debris, such
as dirt; or even accurnulation of corrosion products derived from the canister material itself.

Basis

Crevice corrosion attack can sometimes be controlled by in service cleaning of the surface. For
example, condensers and heat exchangers are cleaned periodically to prevent deposit attack. Such a
cleaning process, obviously, is not possible for the HLW package components after emplacement in a
scaled geological reposi.ory. Therefore, if the matcrial selected for a waste package component is
susceptible to a higher crevice corrosion rate in a repository environment than the general corrosion rate,
then the design and performance analyses have to consider the kinetics of crevice corrosion.

These analyses require (1) a thorough understanding of the conditions under which crevice corrosion
occurs, and (2) a knowledge of the local environment in and around the crevice that is likely to occur
during the entire period the canister must provide containment. The emplacement configuration of the
waste package in the repository must be considered, as it could influence the intensity of the crevice
corrosion. For example, both the likelihood of crevice corrosion attack and the severity can increase if
the area within a crevice is small compared to the area outside the crevice. An alternative design with
less likelihood of crevice corrosion occurring would avoid tight crevices.

Other conditions that would increase the likelihood of crevice corrosion are higher water
tem erature or a flow condition on the surface outside the crevice. Because of the nature of the waste
fonns, FLW contalacrs with spent fuel are expected to be at a higher temperature than those containing
vitrified v aste, for at least the first 1000 years. However, in the event of water intrusion in the repository
d&e ;ne containment period, the flow conditions could be of greater concern to the containers with
vitrified waste form than those with spent fuel (assuming a limited amount of water penetrates the
borehole on a continuing basis). Such scenarios must be developed carefully and considered when
designing containers both for vitrified and spent fuel waste forms.
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3.3.3b.4 Stress Corrosion Cracking

Statement

Stress Corrosion Cracking has been shown to occur la gaseous, vapor, and aqueous media.
Therefore, modeling of the failure inechanisms of a material should consider all three different
environments, in particular, the effect of a transition between dry and moist air, or from a gaseous to a
liquid phase in the repository.

Concern

The mechanism of stress corrosion cracking is not completely understood, and more than one
mechanism may be capable of causing crack initiation followed by propagation. Premature failure may
result from crack propagation, due to chemical and mechanical interactions between the material and its
environment.

Basis

The commonly stated assumption that stress corrosion cracking results from anodic dissolution and
removal of metal from the crack tip is not universally accepted, particularly for transgranular stress
corrosion cracking. Furthermore, not all viable mechanisms require a liquid phase at the crack tip. For
example, in addition to the film rupture anodic dissolution model, three alternative mechanisms for
transgranular stress corrosion cracking of stainless steels have been proposed: hydrogen embrittlement,
film-induced cleavage, and surface diffusion. These mechanisms do not ahvays require liquid. phase water
at the crack tip. If a liquid phase is not required at the crack tip for environmentally induced cracking,
then cracking may be possible in the unsaturated zone during the containment period. The changing
nature of the environment should be considered, too. The transition from a dry to a wet condition and
reverse may accelerate crack initiation and growth. Therefore, an evaluation of stress torrosion cracking
resistance of candidate container materials in all three phases should be made, i.e., in gaseous, vapor, and

Addi ionally, episodic intrusion of water may occur, resulting in alternate wetting andliquid phases. t

drying of the waste package, making it necessary to study the effects of such conditions.

Bibliography

1. D. Parkner and 1. M. Bernstein (eds.), Handbook of Stainless Steels. McGraw Hill, New
York, New York,1977.

2. R. N. Parkins, " Stress Corrosion Spectrum," Br. Corrosion J.,7, p.15,1972.

3. P. R. Swan, F. P. Ford and A. R. C. Westwood (eds.), Mechanisms of Environment Sensitive
Cracking of Materials. The Metals Society, London,1977.

4. J. C. Scully, " Stress Corrosion Cracking," p.103 in Treatise on Materials Science and
Technology.g Corrosion: Aaucous Processes and Passive Films. Academic Press, London,
1983.

5. F. P. Ford, " Stress Corrosion Cracking in Iron. Base Alloys," p. 235 in Treatise on Materials
Science and Technology 2j, Embrittlement of Engineering Alloys. Academic Press, London,
1983.

53

. - - - _ _ _ _ _ ____-



6. E. N. Pugh, ' Progress Towards Understanding the Stress Corre:lon Problem,' Corrosion. il,
p.517,1985.

7. R. W. Stachle, et al., (eds.), Stress Q,rrosion Cracking and Hydrocen Embrittlement of
Iron Base Allovs. National Association of Corrosion Engineers, Houston, Texas,1977.

54

_ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ -__---____- - _ _ _ _ _ - - - - - _ _ _



- - _ _ _ _ _ _ _ _

33.2b.5 Dealloying

Statement

in some alloys, dealloying or selective leaching of one component of the alloy can occur. This
phenomenon generally leads to considerable loss in the mechanical strength of the component and, in
extreme cases, partial or complete loss of containment.

Concern

The rate of dealloying attack can be quite rapid. Therefore, if water intrudes into the repository,
substantial damage to the waste package componerts could occur in a rather short time, when compared
with times for other likely modes of degradation. The dealloying mode of materials degradation has no
standard method for evaluation.

Basis

One mechanism for dealloying is the selective dissolution of one element, leaving behind a residual
mass of the other element. Another more commonly accepted mechanism involves the simultaneous
dissolution of the principal alloying elements, followed by a subsequent redeposition or precipitation of
one alloying element (usually the major constituent), at favorable sites. (Some observers conclude that
both mechanisms could exist simultaneously, depending on various external influences. Others conclude
that selective removal of one constituent may serve as a starting mechanism, creating favorable sites for
the rubsequent deposition of one of the elements after the alloy dissolves as an entity.) Although neither
mechanism appears to adequately explain all observations reported so far, no other truly different
explanation of dealloying exists.

Some binary alloys of copper are prone to dealloying (selective teaching) under certain conditions.
For example, copper aluminum alloys, particularly those with more than eight percent aluminum, have
failed in this mode. The intensity of the failure mechanism is especially severe in alloys with a continuous
gamma phase and usually occurs as plug type dealloying. No effective minor alloying additions are
known for aluminum bronzes, but heat treatment offers some success in limiting delamination type
dealloying. Dealloying of nickel in copper. nickel alloys, although rare, has been observed at temperatures
over 100*C, low flow conditions, and high local heat flux. Such conditions could occur over the long
period during which the waste package is required to provide containment.

If alloys susceptible to dealloying mode of degradation are chosen for the waste package
components, a demonstration that dealloying phenomena will not lead to premature failure of the waste
package in a repository environment is required.
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3.3.3 Hydrogea Embrittlement

Statement

Some materials, including many ferritic steels, are susceptible to embrittlement or damage as a
result of hydrogen absorption from various sources.

Concern

insufficient understanding of the effects of hydrogen on the cornponents of a waste package could
lead to premature failures, due to hydrogen damage or embrittlement. Long-term behavior may differ
from that predicted on the basis of short term tests.

Basis

Hydrogen is almost always present in most engineering materials. De sources of hydrogen are
many and varied, including metal refining processes, hydrogenous impurities, and fabrication processes
such as welding and acid pickling. The external sources of hydrogen in a geologic repository environment
are atomic hydrogen generated by reduction of water due to aqueous corrosion of the metallic containers,
and by radiolysis of water or water vapor due to the garnma radiation field arising from the radioactive
Waste.

Hydrogen interacts with metals and alloys in many ways and, as a consequence, can be present in
different metals in various forms, as listed below:

(1) adsorbed hydrogen on surfaces of materials;

(2) atomic hydrogen in solid solution;

(3) molecular hydrogen in void spaces within the metal;
,

(4) hydrogen as a component of medane gas formed after reaction with carbon in the metal;

(5) hydrogen as a hydride.

The effects of these interactions are numerous, and almost none of them improves the properties
of the affected materials. For example, hydrogen attack of steels results in (1) surface depletion of carbon,
which alters mechanical properties (usually decreases the strength level), and (2) formation of methane,
which has an embrittling effect by decreasing the ductility. Hydrogen forms hydrides in metals like
titanium and zirconium, resulting in embrittlement.

Hydrogen embrittlement, arising from adsorption and absorption of atomic hydrogen, can cause a
loss of ductility (failure at lower values of true stress and true strain), as well as crack initiation and
propagation at values of the stress intensity factor much lower than those of the unembrittled material.

Although a large body of technical inform 8 tion is available on the hydrogen metal interactions over
a wide range of temperatures, less is known about these interactions under conditions that may prevail in
a repository, such as very long times at moderately elevated temperatures (100-300*C) and relatively high
gamma radiation levels.

i
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3J.4 MechanicalEfects

Statement

The time dependent damage of components of a waste package may be brought about by the
presence of loads or strains imposed from sources within or outside of the waste package.

Concern

The principal mechanical concerns for waste-package components are their reactions to loads arising
from environmental influences such as those frorn tectonic and seismic activities and from lithostatic or
hydrostatic forces. Other potential sources of loads are those from thermal and radiation effects and from
the presence of reaction products causing a wedging effect.

Basis

Alteration of the stress state of a diffusion barrier, like bentonite backfill, could alter the
characteristics of the barrier and affect performance perhaps by alteration of permeation rates, adsorption
coefficients, etc. In the case of HLW containers, mechanical damage could be caused by hydrostatic or
lithostatic pressures; fallen rocks; unusual seismic events; internal pressure from reactions of the contents;
or a constrained displacement loads, as for example when a material expands or contracts due to thermal
or radiation effects. Some examples are (1) hydrostati: pressure that would be expected to be applied to
a container in a repository situated below the water table, (2) axial load that could be imposed on a
borehole liner, and (3) constrained displacement between container material and glass waste form, or
between container material and its corrosion products. nese various sources of stress may promote
container failure by yielding, ductile rupturing, and altering the rate at which crack initiation or
propagation occurs in a material. It should be noted that reduction of wall thickness, as a result of
uniform corrosion, will increase the stress for a given load.

A constrained displacement load arises when the natural tendency of a material to expand or
contract is constrained by a neighboring material. Three examples of natural expansion are (1) thermal
expansion / contraction of a material due to change in temperature, (2) volume change of vitrified HLW
caused by exposure to a gamma radiation field, and (3) differential change in volume between a metal and
its corrosion products. Thermal fatigue is an example of the adverse effect of a tapid change in
temperature resulting in constrained expansion and contraction. In the case of HLW containers, thermal
fatigue may be caused by the evaporation of water, condensation near the top of borehole, and subsequent
falling of water droplets onto the hot container Although the temperature differentials in this case would
be expected to be relatively low, the long service life required may make thermal fatigue a significant
damage mechanism.

long term direct damage caused by various sources of stress may be difficult to assess. For
example, in short term tests, creep may not take place in the presence of these stresses at moderately
elevated temperatures. However, the possibility of creep in HLW containers can not be eliminated over
an extended period of time. The deformation and fracture mechanism maps can be applied to predict,in
general terms, the dominant mechanism of deformation and failure for different materials. For example,
copper with a relatively low yield strength and low homologous temperatures under the repository thermal
conditions can be expected to undergo creep at rates sufficiently high (-1@/s) to be a concern over the
repository lifetime. On the other hand, for AISI 316 stainless steel, no significant creep would be
expected.
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3.3.3 Degmdation of Other Barriers

Statement

This report has emphasized the use of a metallic container, to satisfy the containment requirement
of 10 CFR Part 60, there may be other barriers performing the same or cornplementary functions. Other
barriers also may become altered over the extended periods of exrosure required in repository service, as
may the metallic barriers discussed in this report. The interactions between the materials used in these
barriers and their environments, as well as the mechanisms of alteration, are specific to each
material / environment system.

Concern

The level of understanding of the behavior of and the processes involved in any alterations that
occur over extended times for these other barriers rnust be comparable with that described in this report,
which focuses on the behavior of metallic containers. The absence of explicit examples of technical
considerations that are specific to these other barrir.rs may lead the license applicant to present arguments
that would be regarded to be insufficient.

Basis

in the work done worldwide to date on the disposal of HLW, various types of containers for
radionuclides are being explored. Although the functions of these various containers may differ among
the various national programs that could be cited, the principal materials being explored are, almost
without exception, metallic. In the U.S. effort, the Yucca Mountain Project is exploring the suitability of
each of six commercially available metal alloys as candidates for a containment barrier that could satisfy
the 300- to 1000 ycar containment requirement. Nevertheless, it is conceivable that other solutions to this
problem may prove to be effective, and alternatives should b considered, either as a principal barrier or
as a supplemental barrier in a conservative, multi barrier system.

The requirement in the U.S. is for containment of all radionuclides within the waste package. A
metallic barrier is impervious to all radionuclides of interest, including gaseous species. Further, metals
have a long history as pressure vessels, with an outstanding service record attributable, in part, to
organizations like the Pressure Vessel Research Committee. Thus, metallic containers have been chosen
as candidate barrier materials for this application. This is so despite the fact that some small amount of
radiation may be leachable from the surface of a metallic container, e.g., "C, which is radioactive and may
form during the containment period. The process that limits escape of radionuclides is corrosion of the
metal, so a metallic container could be considered to be a corrosion barrier, in the field of materials
science, the behavior of metals has been rnore extensively studied than other candidate barrier materials.
Therefore, one might expect that, on a relative basis, the materials community would have as much or
more scientific understanding of systems involving metallics, wh:n compared with other barrier systems.

Other barrier systems to be considered for this application in materials engineering include leaching
barriers, transport barriers, and adsorption barriers. The function of the waste package is to prevent the
transport of radionuclides to the boundary of the waste package, and this must be done not only for
radionuclides that exist as solids but also for any gaseous waste form. Further, if the
container / environment system has a potential for buildup of gaseous pressure inside of the containct, then
fracture and the pressure vessel characteristics of these other barrier systems become important
conside ations. The key point that this report is intended to convey, in relation to other barrier systems,
is that the level of detailed understanding of the behavior of these systems must be comparable to that
presented here for the metallic barriers.
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i
in a leachlag barrier, one could conceive of, for example, vitrified HLW that is in the form of logs

or pellets; if this waste form could be coated with a material that isolates the waste form frorn the
; environment of the waste package, it could satisfy the containtnent requirement, in this example, the

process that limits the life of the barrier is leaching of this coating. This barrier would have to prevent
escape of radionuclides through the coating. It would have to (1) prevent (or limit) transport through the
coating and (2) have an adequately low leachability so as to survive the containment period. In addition,
it rnust not fracture, as this would expose radionuclides to the waste-package environment, and it must not
degrade by any other mechanism, e.g., oxidation, spalling, etc., that would shorten its service life.

Transport and adsorption types of barriers raust possess the property of low permeability for the
waste form. Clays and rock like materials are representative examples of these two clast.cs of barriers.
Dese barriers derive their ability to contain radionuclides from two properties: (1) low permeability for
all forms of the contained radionuclides, and (2) a high capacity for the chemisorption of the species of
interest. An important consideration is that the exposure to repository conditions does not enhance
permeability by altering pore spacing,interconnectivity of pores, etc. In addition, it should be noted that
the presence of this type of barrier, as a supplement to a metallic container, could have a detrimental efrect
on the performance of the metallic container. For example, bentonite as a packing materialin contact with
a metallic container may promote crevice corrosion,

l
1
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3.4 Inspections and M:nitoring

inspection criteria should be developed and reports should be used over the entire preclosure life.
cycle of a cornponent of a waste package, to ensure and confirm that components meet design
requirements. Through in situ measurernents, these criteria and reports also serve to confirm that
environmental conditions and behavior in service are consistent with predictions from models and tests.

Through as long a period as is practical in the life cycle of a repository, inspections of waste-
package components and of environmental conditions are needed. Inspections of cornponents should occur
in the production of waste packages and their components. As waste packages are being produced,
inspections should be used to ensure that the components are fabricated and emplaced in compliance with
the design specifications. During the service period,.the in-service behavior can be compared with
modeling predictions used to develop waste package designs, so that any inconsistencies can be evaluated.
Inspections for the envirortment should be extended over a long period, starting at the tim: cf site
characterization. After emplacement, the role ofinspections will be in the confirmation of the interactions
between the waste package and the environment. The inspections should be used to compare the observed
repository conditions to the expected conditions on which designs of components were based, so that
differences can be noted and evaluated.

The repository environment is complex, and monitoring of the behavior of specimens and
components placed into waste packages in the repository will improve understanding of the expected
behavior for these components throughout actual service. The results of in situ monitoring can be
supplemented by the results of the monitoring program to be conducted at the geoiogic repository
operations area, as called for in 10 CFR 60,143, which involves laboratory tests that focus on the condition
(especially the internal condition) of the waste packages. Together, these laboratory and in-situ tests can
be used to furnish information needed to answer many of the questions that arise on both environmental
conditions and the response and interactions to be expected in service.

Guidelines furnished in 10 CFR Part 60, indicate that there will be no openings to the surface of
the repository after closure. Apparently, the notion is that closure will be made only after there is
reasonable assurance that the predictions of behavior are accurate and therefore the public safety has been
assured. N:vertheless, it is noted that, even with present-day technology, monitoring of various aspects
of the condition of waste packages after closure of the repository could be performed without making
openings to the surface. Telemetric methods could be adapted to provide information deemed useful for
a second repository or for scientific purposes. At the time of repository closure, more sophisticated
techniques are likely to be availOle for monitoring.

1
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M.] Inspeedons

Statement

inspection, in this section, is limited to activities involving inspection of the repository before
emplacement, inspection of the containers onsite, and inspection of the containers after emplacement.
'Ihese inspections are needed to ensure 1) that the observed repository conditions are similar to the
expected conditions on which designs are based, and 2) that the components are produced and emplaced
in compliance with the design specifications.

Concena

If a proper system of inspections is not implemented, verification that the waste package is in
compliance with the specifications and requirements cannot be assured.

Basis

in the establishment of the service requirements for a component of a waste package, the entire life
cycle of the component must be considered. This includes the materials as received from the producer,
the fabrication of components from these materials, and the transportation and emplacement of these
components into a waste package, inspection requirements before and after fabrication have been
discussed in Section 3.2.

Several inspections are suggested for establishment of service requirements and to verify
compliance:

(1) Inspection of the repository environment to establish or reaffirm its spacial and temporal
variability, including hydrological stacks, the mineral content, and other data pertinent to the
performance of a waste package.

(2) Inspection of the waste package sites to determine site uniformity, stability, suitability for
intended service, and any release of the radioactive inventory.

(3) Inspection of' waste package components to ensure that (a) they were received, assembled,
and emplaced properly, and (b) they are retrievable.

Once the waste package is emplaced and the initial emplacement conditions are found to be
acceptable through various inspections procedures, further evaluation of the waste-package performance
may be made by appropriate remote monitoring techniques.
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3.4.2 1::. Situ Monito&g

Statement

Preclosure monitoring will improve understanding of the actual service behavior of waste package
components vis a vis their anticipated behavior.

Concern

Predictions based solely on results ofliterature studies, out of repository tests, modeling, and expert
opinions may be unrealistic and nonconservative.

Basis

Uncertainties can be resolved during the preclosure period. Monitoring up to the time of permanent
closure is called for in 10 CFR 60.143(d) (Ref.1). It would be prudent to obtain data on the response
of the HLW package and its components under actual service; this could be done for the entire time that
the repository is still open and as long as any significant uncertainties remain in relation to the
requirements for containment of the HLW.

Predictions of the behavior of components of a waste package should be made on the basis of
scientific arguments that are supported by validated test data that are used to prepare a license application
for disposal of HLW. Uncertainties in these arguments, as, for example, those related to mechanisms of
degradation of waste package components, can be resolved during the preclosure period. In situ
monitoring may play an important role in resolving these uncertainties and can also be used to confirm
the tentative conclusions of predictive models.

The repository environment will be comdex, with attendant uncertainties related to geological,
bacteriological, climatological, volcano'.ectonic, and hydrological changes that might take place over the
service life and beyond. Although it will be impossible to account for all possible effects that could
occur in a repository for the entire duration of the containment period, it would be prudent to cbtain data
on the response of the HLW package and its components under actual service; this could be done for the
entire time that the repository is still open and as long as any significant uncertainties remain in relation
to the requirements for containment of the HLW. The containers are subject to retrievability for a period
beginning up to 50 years after the start of emplacement operations at the repository. Although it would
be difficult to simulate the thermal conditions, the effects of radiation would be representative, and
monitoring may provide information about the waste package behavior. Monitoring may be performed
by a variety of techniques, such as remote optical techniques, nondestructive examination, and
electrochemical methods that should be adapted for the repository conditions.

Reference

1. U.S. Code of Federal Regulations, " Monitoring and Testing of Waste Packags," Part 60,
Chapter I, Title 10, " Energy." (Attached as Appendix B to this report.)

|
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4. SUMMARY

An important requisite in the overall demonstration of compliance with 10 CFR 60.113 is the need
to demonstrate adequacy of assessments and predictions of the long ter:n performance of components of
flLW packages that are proposed for use within the engineered barrier system in permanent geologic
repositories. An additional requisite in a demonstration of compliance is that all technical considerations
supporting the assessments and predictions must have a sound scientific basis. Once built, a repository
is expected to provide permanent disposal and isolation of radioactive wastes. Based on 10 CFR Part 60
requirements, containment related behavior of waste package components must be understood well enough
to predict performance over a period of 300 to 1000 years. Thus, mechanistic understandings of the
physical and chemical processes involved in the alteration of components with time are important to a
successful waste package design.

This report has attempted to present, in a systematic and structured manner, the higher-order technical
considerations pertinent to evaluating waste package containmeni performance. These considerations
include technical aspects of the geological repository environment and the change in the environment over
long periods of time, materials for the waste package components, waste package materials / repository
environment interactions, materials and fabrication process specifications and inspections, as well as onsite
inspections and in situ monitoring. These considerations provide the technical basis for the further
development of quantitative criteria for "substantially coruplete containment." The considerations
identified are intentionally of higher-order; they do not specifically identify the tests or data generation,
reduction, or analyses techniques that are required from a licensing point of view. Examples are provided
to indicate some of the types of tests and techniques that could be considered relevant to the HLW
package for a geologic repository.

l
|

65



__ _

APPENDIX A

TERMINOLOGY

Abbreviations Term

ASME American Society for Testing and Materials
ASTM American Society of Mechanical Engineers
BWR- Boiling Water Reactor
CDM Compliance Determination Method
CERT Constant Extension Rate Test
CFR Code of Federal Regulations (United States)
CNWRA Center for Nticlear Waste Regulatory Analyses (SwRI)
DOE Department of Energy (United States)
EBS Engineered Barrier System

-EPA E:.vironmental Protection Agency (United States)
GMAW Gas Metal Arc Welding
GTAW Gas Tungsten Arc Welding
HAZ Heat Affected Zone (of a weldment)
HLW High level (Radioactive) Waste
IGSCC Intergranular Stress Corrosion Cracking
IR Information Requirement
LWR Light Water Reactor
NACE National Association of Corrosion Engineers

NRC Nuclear Regulatory Commission (United States)
PWR Pressurized Water Reactor
REOP Regulatory Element of Proof
RR- Regulatory Pequiremens
SCC Stress Corrosion Cracking
SMAW Shielded Metal Arc Welding
TRC Technical Review Components

. Definitions:

accelerated test -- a test that results in raos of alterations that are greater than the rates that occur in
serviCc.

alteration - any change in the properties of a material.

: alteration mechanism - the fundamental chemical or physical pmcesses by which alterations occur,

analog -- a natural material that is believed to be similar to a man made material. The composition and
history of environmental-exposure of the analog are believed to be close enough so that

- observations of the analog can be used to infer behavior of the man made material.

barrier -- any material or structure that prevents or substantially delays movement of water or
radionuclides. [10 CFR 60.2]
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bounding calculation -- a calculation th-2 uns bounding conditions for parameters that affect a precess.

bounding condition the extreme credible value that might be expected for an independent variable.

characterization test in high level radioactive w aste, any test conducted principally to furnish inform: tion
for a mechanistic understanding of degradation. Examples include polarization tests, solubility
analyses, X ray diffraction of corrosion layers, etc,

canister or pour canister - the receptacle into which a vitrified waste form is poured. [10 CR 60.2]

confirmation test -- in high level radioactive waste management, a test that provides data that become
available after a model has been validated. The test would normally be intended to provide
confirmation data for the model predictions.

container - an engineered barrier, usually of e metal or metal alloy, that is scaled and is designed to
prevent both the release of its contents od any contact between its contents and the environment

external to itself. [10 CFR 60.2]

containment the confinement of radioactive waste within a designa;cd boundary. [10 CFR 60.2]

degradation any change in the properties of a material that adversely affects the behavior of that
material, i.e., an adverse alteration.

disposal -- the isolation of raduactive wastes from the accessible environment. [10 CFR 60.2]

cmpirical model - a model based only on observations or data from experiments, without regard to
mechanism or theory,

engineered barrier system - the waste packages and the underground facility. [10 CFR 60.2]

geologic repository -- a system that is intended to be used for, or rnay be used for, the disposal of
radioactive wastes in excavated geologic media. A geologic repository includes: (1) the geologic
repository operations area, and (2) the prtion of the geologic setting that provides isolation of the

radioactive waste. [10 CFP 60.2]

geologic setting - the geologic, hydrologic, and geochemical systems of the region in which a geologic
repository operations area is or may be located. [10 CFR 60.2]

groundwater - all water that occurs below the land surface. [10 CFR 60.2]

high level radinactic waste or HLW -- (1) irradiated reactor fuel; (2) liquid wastes resulting from the
operation of the first cycle solvent extraction system, or equivalent, and the concentrated wastes
from subsequent extraction cycles, or equivalent, in a facility for reproecssing irradiated reactor
fuel; and (3) solids into which such liquid wastes have been converted. [10 CFR 60.2]

in service conditions - the normal conditions e snich a system and its components will be exposed
during their operational lifetimes. [AST?vi N722, E44]

in service test - a test in which building components or materials are exposed to degradation factors under
in service conditions. [E632, E6]
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mechanism the fundamental physical or chemical processes or secuence. of processes involved in or
responsible for an action, reaction, or other natural phenomenon.

mechanistic model -- a model based on one or more mechanisms,

model - (1) a rnathematical representation of a process; (2) a systern of postulates, data, and inferences
presented as a mathematical description of an entity or state of affairs (Webster]; (3) a simplified
representation of a system or phenomena, with any hypotheses required to describe the system or;

explain the phenomenon, often mathematically (McGraw Hill]; (4) a description or analogy used
to help visualize something (as an atom) that cannot be directly observed (Webster].

perfortnance confirmation -- the program of tests, experiments, and analyses that is conducted to
evaluate the accuracy and aduluacy of the information used to determine, with reasonable
assurance, that the performance objectives for the period after permanent closure wiil be met.

[10 CFR 602]

permanent closure - final backfilling of the underground facility and the scaling of shafts and boreholes.

[10 CFR 60.2]

retrieval the act of intentionally removing radioactive waste from the underground location at which the
waste had been previously emplaced for disinsal. [10 CFR 60.2]

transuranic - syn, transuranium element, an element with atomic number greater than 92, and hence, an
element beyond uranium in the periodic table. [ ASTM]

vadose - of, relating to, or being water or solutions in the carth's crust above the permanent groundwater

level. (Webster]

waste form -- the radioactive waste materials and any encapsulating or stabilizing matrix. [10 CFR 60.2]

v aste package -- the waste form and any containers, shielding, packing, and other absorbent materials
immediately surrotMing an individual waste container. [10 CFR 60.2]

|
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APPENDIX B

U. 5. CODE OF FEDERAL REGUIATIONS,10 CFR PART 60, ' DISPOSAL OF fIIGII. LEVEL
RADIOACPVE WASTES IN GEOLOGIC REPOSITORIES"
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PART 60-DISPOSAL OF HIGH-LEVEL
RADIOACTIVE WASTES IN GEO-
LOGIC REPOSITORIES

Sul ,. b-General Provisions

Sec.
60.1 Purpose and scope.
60.2 Definitions.
60.3 License raquired.
60.4 Commur.tcations and records.
60.5 Interpretations.

60.6 Exemptions.
60.7 License not regulred for certain pre.

liminary activities.
60.8 Reporting, recordkeeping, and applica.

tion requirements; OMB approval not
required.

60.9 Employment protection
60,10 Completeness and accuracy of Infor.

mation.

Subpart B-Licenses

PREAPPLicAT!oN REVIEW

60.15 Site characterization.
60,16 Site characterization plan required.
60.17 Contents of site characterization

plan.
60.18 Review of site characterization activi.

ties.

LtcENSE APPUCATioNS

60.21 Content of application,

60.22 Filing and distribution of application.
60.23 Elimination of repetition.
60.24 Updatinir of application and environ.

mental impact statement.

CONSTRUCT!oN AUTHoRIZAT!oN

60.31 Construction authorization.
60.32 Conditions of construction authoriza.

tion.
60.33 Amendment of construction authort.

zation.

LICENSE ISSUANCE AND AMENDMENT

60.41 Star.dards for issuance of a license.
60.42 Conditions of license.
60.43 L| cense specification.
60.44 Changes, tests, and experiments.
60.45 Amendment of license.
60.46 Particular activities requiring license

amendment.

PERMANENT CLOSURE

60.51 License amendment for permanent
closure.

60.52 Termination of license.
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@ 60.1 10 CFR Ch.1 (1-1-90 Editinn)

Subprrt C-Participrtirn by 5ttto 60.141 Confirmation of grotechnical andi

l Governments and Affected Indian Tribes design parametera.
60,142 Design testing.

60.61 Provision of information. 60.143 Monitoring and testing waste pack.
60.62 Site review. ages.
60.63 Participation in license reviews.

60.64 Notice to States. Subpart G-Quality Assuronce
60.65 Representation.

60.150 Scope.
Subpart b-Records, Reports, Tests, and 60.151 Applicability.

60.152 Implementation.Inspections

60.71 Records and reports. Subpart H-Training and Certification of
60.72 Construction records. Personnel
60.73 Reports of deficiencies.

60.160 General require'nents.60.74 Tests. 60.161 Training and cartification program.60.75 Inspections. 60.162 Physical requirements.
Subpart E-Technical Criteria Subpad H,mergency Planning Criteria

60.101 Purpose and nature of findings. (Reserved]
60.102 Concepts.

AUTuoRITY: Secs. Si, 53,62,63,65,81,161,
PERFORMANCE OBJECTIVES 182,183,68 Stat. 929, 930,932. 933,935. 948,

60.111 Performance of the geologic reposi. 953, 954, as amended (42 U.S.C. 2071, 2073,
tory operatioru area through permanent 2092. 2093, 2095. 2111, 2201, 2232, 2233);
closure. secs. 202, 206, 88 Stat 1244,1246 (42 U.S.C.

60.112 Overall system performance objec. 6842, 5646); secs.10 and 14. Pub. L. 95-601,
tive for the geologic repository af ter per. 92 Stat. 2951 (42 U.S.C. 2021a and 5851); sec.
manent closure. 102, Pub. L. 91-190, 83 Stat. 853 (42 U.S.C.

60.113 Performance of particular barriers 4332); secs.114,121 Pub. L. 97-425, 96 Stat.
af ter permanent closure. 2213. 2228. as amended (42 U.S.C.10134,

10141).
LAND OWNERSHIP AND CONTROL For the purposes of sec. 223. 63 Stat. 958.

60.121 Requirements for ownership and as amended (42 U.S.C. 2273), il 60.10D30.71
control interests in land. to 60.75 are issued under sec. 1610, 68 Stat.

950, as amended (42 U.S.C. 2201(o)).
SITING CRITERI A SOURCE: 46 FR 13980, Feb. 25,1981, unless

60.122 Siting criterla. otherwise noted.

DESIGN CRITERIA FOR THE GEotocICAL Subpart A-Genero! ProvisionsREPos! TORY OrERAT!oNS AREA

60.130 Scope of design criteria for the geo. 0 60,1 Purpose and scope.
logic respository operations area. This part prescribes rules governing60.131 General design criteria for the geo-
logic repository operations area. the licensing of the U.S. Department

60.132 Additional design criteria for sur. of Energy to receive and possess
face facilities in the geologic repository source, speclal nuclear, and byproduct
operations area. material at a geologic repository oper-

60.133 Additional design criteria for the ations area sited, constructed, or oper-
underground f aellity, ated in accordance with the Nuclear

60.134 Design of seals for shafts and bore- Waste Policy Act of 1982 This part
holes. does not apply to any activity licensed

DEstGN CRITERIA FoR THE WASTE PACKAGE under another part of this chapter,
60.135 Criteria for the waste package and (51 FR 27162. July 30.1986)

its components.
0 60.2 Definitions.

PERFORMANCE CONFIRMAT!oN REQUIREMENTS

60,137 General requirements for perform- " Accessible environment" means: (1)ance confirmation. The atmosphere, (2) the land surface,
(3) surface water, (4) oceans, and (5)Subpart F-Performance Confirmation Program
the portion of the lithosphere that is

60.140 General requirements. outside the controlled area.
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60.2Nuclocr Rtgul:tery Ccmmissitn

"Affected Indian Tribe" means any " Containment" means the confine-
Indian Tribe (1) within whose reserva- ment of radioactive waste within a des-
tion boundaries a repository for high- ignated boundary,
level radioactive waste or spent fuel is " Controlled area" means a surface
proposed to be located; or (2) whose location, to be rnarked by suitable
Federally defined possessory or usage monuments, extending horizontally no
rights to other lands outside of the more than 10 kilometers in any direc-
reservation's boundaries arising out of tion from the outer boundary of the

underground facility, and the underly-Congressionally ratified treatles or
other Federal law may be substantial- ing subsurface, which area has been
ly and adversely affected by the locat. committed to use as a geologic repost-
ing of such a facility: Provided, That tory and from which incompatible ac-
the Secretary of the Interior finds, tivities would be restricted following
upon the petition of the appropriate permanent closure.
governmental officials of the Tribe. " Director" means the Director of
that such effects are both substantial

the Nuclear Regulatory Commission's
Office of Nuclear Material Safety and

ar6 adverse to the Tribe. Safeguards." Anticipated processes and events"
means those natural processes and " Disposal" means the isolation of rn-

dioactive wastes from the accessibleevents that are reasonably likely to
environment,occur during the period the intended

performance objective must be " Disturbed zone" means that por-
tion of the controlled area the physi-

achieved. To the extent reasonable in cal or chemical properties of whichthe light of the geologic record, it have changed as a result of under-
shall be assumed that those processes ground facility construction or as aoperating in the geologic setting usult of heat generated by the em-
during the Quaternary Period contin, placed radioactive wastes such thatue to operate but with the perturba- the resultant change of properties
tions caused by the presence of em- may have a significant effect on the
placed radioactive waste superimposed performance of the geologic reposi.
thereon.
" Barrier" means any material or OE" means the U.S. Department

structure that prevents or substantial- of Energy or its duly authorized repre-
ly delays movement of water or ra- sentatives.
dionuclides. " Engineered barrier system" means

" Candidate area" means a geologic the waste packages and the under-
and hydrologic system within which a ground f acility.
geologic repository may be located, " Geologic repository" means a

" Commencement of construction" system which is intended to be used
means clearing of land, surface or sub- for, or may be used for, the disposal of
surf ace excavation, or other substan- radioactive wastes in excavated geolog-
tial action that would adversely affect ic media. A geologic repository in-
the environment of a site, but does not cludes: (1) The geologic repository op-
include changes desirable for the tem- erations area, and (2) the portion of
porary use of the land for public recre- the geologic setting that provides iso-
ational uses, site characterization ac- lation of the radioactive waste,
tivities, other preconstruction moni- " Geologic repository operations
toring and investigation necessary to area" means a high level radioactive
establish background information re- waste facility that is part of a geologic
lated to the suitability of a site or to repository, includ!ng both surface and
the protection of environmental subsurface areas, where waste han-
values, or procurement or manuf ac- dling activities are conducted.
ture of components of the geologic re- " Geologic setting" means the geolog-
pository operations area, ic, hydrologic, and geochemical sys-

" Commission" means the Nuclear tems of the region la which a geologic
Regulatory Commission or its duly au- repository operations area is or may be
thorized representatives. located.
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60.2 10 CFR Ch.1 (1-1-90 Editi n)

" Groundwater" means all water reasonable assurance that the per-

which occurs below the land surface. formance objectives for the period
"High level radioactive waste" or after permanent closure will be met.

"HLW" means: (1) Irradiated reactor "Public Document Room" means the
fuel, (2) liquid wastes resulting from place at 2120 L Street NW., Washing-
the operation of the first cycle solvent ton, D.C., at which records of the
extraction system, or equivalent, and Commission will ordinarily be made
the concentrated wastes from subse- available for public inspection and any
quent extraction cycles, or equivalent- other place, the location of which has
in a f acility for reprocessing irradiated been published in the FEDEaAL REGIS-
reactor fuel, and (3) solids into which TER, at which public records of the
such liquid wastes have been convert- Commission pertaining to a particular

" ry are made available
'HLW facility" means a facility sub- $. pu lic 1nsp ct

ject to the licensing and related regu- " Radioactive waste" or " waste"
latory authodly of the Commission means HLW and other radioactive ma-pursuant to Seu.as 202(3) and 202(4) terials other than HLW that are re-the erg e rganization Act of ceived for emplacement in a geologic

repository," Host rock" means the geologic
medium in which the waste is em. "Restricsed area" means any area

access to which is controlled by the 11-placed,
"Important to safety," with refer. censee for purposes of protection of

ence to structures, systems, and com, individuals from exposure to radiation

and radioactive materials. " Restrictedponents means those engineered struc.
tures, systems, and components essen. area" shall not include any areas used

tial to the prevention or mitigation of as residential quarters, although a sep-
an accident that could result in a radi, arate room or rooms in a residential
ation dose to the whole body, or any building may be set apart as a res'.rict-
organ, of 0.5 rem or greater at or ed area.
beyond the nearest boundary of the " Retrieval" means the act of inten-
unrestricted area at any time until the tionally removing radioactive was%

completion of permanent closure, from the underground location at
" Isolation" means inhibiting the which the waste had been previously

transport of radioactive material so emplaced for disposal,
that amounts and concentrations of " Saturated zone" means that part of
this material entering the accessible the earth's crust beneath the regional

environment will be kept within pre- water table in which all volds, large

scribed limits. and small, ideally filled with water

" Permanent closure" means final under preLie greater than atmos-
backfilling of the underground facility pheric.
and the scalins of shafts and bore- " Site" means the location of the con-
holes. trolled area.

" Performance confirmation" means " Site characterization" means the
the program of tests, experiments, and program of exploration and research,
analyses which is conducted to evalu* both in the laboratory and in the field,
ate the accuracy and adequacy of the undertaken to establish the geologic
information used to determine with conditions and the ranges of those pa-

rameters of a particular site relevant

'These are DOE " facilities used primarily to the procedures under this part. Site
for the receipt and storage of high level ra- characterization includes borings, sur-
dioactive wastes resulting from activities 11 face excavations, excavation of explor-
censed under such Act [the Atomic Energy atory shaf ts, limited subsurf ace lateral
Act1" and " Retrievable Surface Storage Fa- excavations and borings, and in situ
cilities and other f acilities authorized for testing at depth needed to determine

ioac$tew the suitability of the site for a geologicYterm st$r e of t gl le el r
generated by (DOEl, which are not used repository, but does not include pre-
for, or are part of, research and develop, liminary borings and geophysical test-
ment activities." ing needed to decide whether site
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characterization should be undertak- the fluid pressure locally may be
en. greater than atmospheric.

" Unanticipated processes and " Waste form"means the radioactive
events" means those processes and waste materials and any encapsulating
events affecting the geologic setting or stabilizing matrix,

*

that are judged not to be reasonably " Waste package" means the waste
likely to occur during the period the form and any containers, shielding,
intended performance objective must packing and other absorbent materials
be achieved, but which are neverthe. Immediately surrounding an individual
less sufficiently credible to warrant waste container.
consideration. Unanticipated processes " Water table" means that surf ace in
and events may be either natural proc- a groundwater body at which the
esses or events or processes and events water pressure is attnospheric.
Initiated by human activities other (48 FR 28217. June 21,1983, as amended at
than those activities licensed under 50 FR 29647, July 22,1985; 51 FR 27162,
this part. Processes and events initiat- July 30.1986; 53 FR 43421,0ct. 27.1988)
ed by human activities may only be
found to be sufficiently credible to @ 60.3 License required,
warrant consideration if it is assumed (a) DOE shall not receive or possess
that: (1) The monuments provided for source, special nuclear, or byproduct
by this part are sufficiently perma- material at a geologic repository oper-
nent to serve their intended purpose: at' ions area except as authorized by a
(2) the value to future generations o'. lleense issued by the Commission pur-
potential resources within the site cal suant to this part,
be assessed adequately under the ap- (b) DOE shall not commence con-
plicable provisions of this part; (3) an struction of a geologic repository oper-
understanding of the nature of radi* ations area unless it has filed an appli-
activity, and an appreciation of its cation with the Commission and has
hazards, have been retained in some obtained construction authorization as
functioning institutions; (4) institu- provided in this part. Failure to
tions are able to assess risk and to take comply with this requirement shall be
remedial action at a level of social or- grounds for denial of a license.
ganization and technological compe-
tence equivalent to, or superior to, # 60.4 Communications and records.
that which was applied in initiating (a) Except where otherwise speci-the processes or events concerned; and fled, all commun! cations and reports(5) relevant records are preserved, and concerning the regulations in this part
remain accessible, for several hundred and applications filed under themyears af ter permanent closure, should be addressed to the Director of
" Underground facility" means the Nuclear Material Safety and Safe-

underground structure, including guards, U.S. Nuclear Regulatory Com-
openings and backfill materials, but mission, Washington, DC 20555. Com-
excluding shaf ts, boreholes, and their munications reports, and applications
seals, may be delivered in person at the
" Unrestricted area" means any area, Commission's offices at 2120 L Street

access to which is not controlled by NW , Washington DC, or 11555 Rock-
the licensee for purposes of protection ville Pike, Rockville, Maryland,
of individuals from exposure to radi- (b) Each record required by this part

; ation and radioactive materials, and must be legible throughout the reten-
' any area used for residential quarters. tion period specified by each Commis-

" Unsaturated zone" means the zone sion regulation. The record may be the
between the land surface and the re- original or a reproduced copy or a mi-
gional water table. Generally, fluid croform provided that the copy or mi-
pressure in this zone is less than at- croform is authenticated by author-
mospheric pressure, and some of the tzed personnel and that the microform
voids may contain air or other gases at is capable of producing a clear copy
atmospheric pressure. Beneath flood- throughout the requit ed retention
ed areas or in perched water bodies period. The record may also be sttred
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in electronic media with the capability quired for these information collection
for producing legible, accurate, and requirements.
complete records during the required (47 FR 13774, Apr.1,1982)retention period. Records such as let-
ters, drawings, specifications, must in- N 60.9 Employee protection.
clude all pertinent information such as

(a) Discrimm.ation by a Commissionstamps, initials, and signatures. The 11
censee shall maintain adequate safe, licensee, an applicant for a Commis-

guards against tampering with and sion license, or a contractor or subcon.

loss of records, tractor of a Commission licensee or ap-
plicant against an employee for engag.

(53 FR 19251. May 27.1988, as amended at ing in certain protected activities is
53 FR 43421, Oct. 27.19881 prohibited. Discrimination includes

discharge and other actions that relate
6 60.5 Interpretations. to compensation, terms, conditions,

Except as specifically authorized by and privileges of employment. The
the Commission, in writing, no inter. protected activities are established in
pretation of the meaning of the regu- section 210 of the Energy Reorganiza-
lations in this part by any officer or tion Act of 1974, as amended, and in
employee of the Commission other general are related to the administra-
than a written interpretation by the tion or enforcement of a requirement
General Counsel will be considered imposed under the Atomic Energy Act
binding upon the Commission. or the Energy Reorganization Act.

(1) The protected activities include
N 60.6 Exemptions, but are not limited to:

The Commission may, upon applica- (i) Providing the Commission infor-
tion by DOE, any interested person, or mation about possible violations of re-
upon its own initiative, grant such ex- quirements imposed under either of
emptions from the requirements of the above statutes;
the regulations in this part as it deter- (11) Requesting the Commission to
mines are authorized by law, will not institute action against his or her em-
endanger life or property or the ployer for the administration or en-
common defense and security, and are forcement of these requirements; or
otherwise in the public interest. (iii) Testifying in any Commission

proceeding.
N 60.7 License not required for certain (2) These activities are protected

preliminary activities' even if no formal proceeding is actual-
The requirement for a license set ly initiated as a result of the employee

forth in i 60.3(a) of this part is not ap- assistance or participation.
plicable to the extent that DOE re- (3) This section has no applicaton to
ceives and possesses source, special nu- any employee alleging discrimination
clear, and byproduct material at a geo- prohibited by this section who, acting
logic repository: without direction from his or her em-

(a) For purposes of site characteriza- player (or the employer's agent), delib-
tion; or erately causes a violation of any re-
(b) For use, during site characteriza. quirement of the Energy Reorganiza-

tion or construction, as components of tion Act of 1974, as amended, or the
radiographic, radiation monitoring, or Atomic Energy Act of 1954, as amend-
similar equipment or instrumentation. ed.

(b) Any employee who believes that
0 60.8 Reporting, recordkeeping, and ap- he or she has been discharged or oth-

plication requirements: OMB approval erwise discriminated against by any
not required. person for engaging in the protected

The information collection require- activities specified in paragraph (a)(1)
ments contained in this part affect of this section may seek a remedy for
fewer than ten persons. Therefore, the discharge or discrimination
under section 3506(c)(5) of the Paper- through an administrative proceeding

work Reduction Act of 1980 (Pub. L. in the Department of Labor. The ad-
96-511), OMB clearance is not re- ministrative proceeding must be initi.
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ated within 30 days citer an alleged required by statute or by the Commis-
violation occurs by filing a complaint sion's regulations, orders, or license
alleging the violation with the Depart- conditions to be maintained by the ap-
ment of Labor, Employment Stand- plicant or the licensee shall be com-
ards Administration, Wage and Hour plete and accurate in all material re-
Division. The Department of Labor spects,
may order reinstatement, back pay. (b) Each applicant or licensee shall
and compensatory damages. notify the Commission of information
(c) A violation of paragraph (a) of identified by the applicant or licensee

this section by a Commission licensee- as having for the regulated activity aan applicant for a Commission license, significant implication for publicor a contractor or subcontractor of a health and safety or common defenseCommission licensee or applicant may
and security. An applicant or licensee
violates this paragraph only if the ap-

( ) Den al, r vocation, or suspension
plicant or licensee fails to notify theof the license,
Commission of information that the(2) Imposition of a civil penalty on

the licensee or applicant, applicant or licensee has identified as
(3) Other enforcement action, having a significant implication for

(d) Actions taken by an employer, or public health and safety or common
defense and security. Notificationothers, which adversely affect an em-

ployee may be predicated upon nondis, shall be provided to the Administrator

| criminatory grounds. The prohibition of the appropriate Regional Office

| applies when the adverse action occurs within two working days of identifying
because the employee has engaged in the information. This requirement is'

protected activities. An employee's en. not applicable to information which is
gagement in protected activities does already required to be provided to the

not automatically render him or her Commissien by other reporting or up-
immune from discharge or discipline dating requirements,
for legitimate reasons or irom adverse [52 FR 49372. Dec. 31.1987)action dictated by nonprohibited con-
siderations.

(e) Each licensee and each applicant Subpart B-Licenses
shall post
Employees,, Form NRC-3, " Notice t PREAPPLICATION REVIEW' on its premises. Posting
must be at locations sufficient to a 60.15 Site characterization.
permit employees protected by this
section to observe a copy on the way (a) Prior to submittal or an applica-

to or from their place of work. Prem. tion for a license to be issued under
ises must be posted not later than 30 this part DOE shall conduct a pro-
days after an application is docketed gram of site characterization with re-

and remain posted while the applica, spect to the site to be described in

tion is pending before the Commis. such application.
! sion, during the term of the license, (b) Unless the Commission deter-
|

and for 30 days following license ter- mines with respect to the site de-
mination, scribed in the application that it is not

necessary, site characterization shall
Nott Copies of Form NRC-3 may be ob-

tained by writing to the Regional Admints- include a program of in situ explora-

trator of the appropriate U.S. Nuclear Reg. tion and testing at the depths that

! ulatory Commission Regional Office listed wastes would be emplaced.
) in Appendix D. Part 20 of this chapter. (c) The program of site characariza-

I47 FR 30456. July 14.1982, as amended at tion shall be conducted in accordance
52 FR 31612. Aug. 21,1987) with the following:

(1) Investigations to obtain the re-
a 60.10 Completeness and accuracy of in- quired information shall be conducted,

formation. in such a manner as to limit adverse
'

(a) Information provided to the effects on the long term performance
Commission by an applicant for a 11- of the geologic repository to the
cense or by a licensee or information extent practical. -

|
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(2) The number of exploratory bore- (ii) Plans for any onsite testing with
holes and shaf ts shall be limited to the radioactive material, including radio-
extent practical consistent with ob- active tracers, or nonradioactive mate-
talning the information needed for rial;

site characterization. (iii) Plans for any investigation ac-

(3) To the extent practical, explora- tivitics that may affect the capability

tory boreholes and shafts in the geo- of such area to isolate high-level radio-
logic repository operations area shall active waste;
be located where shafts are planned (iv) Plans to control any adverse im-
for underground f acility construction pacts from such site characterization
and operation or where large unexca- activities that are important to safety
vated pillars are planned. or that are important to waste isola-
(4) Subsurface exploratory drilling, tion; and

excavation, and in situ testing before (v) Plans to apply quality assurance
and during construction shall be to data collection, recording, and re-
planned and coordinated with geologic tention.repository operations area design and (3) Plans for the decontamination
c ns W cuon. and decommissioning of such area,
[40 FR 13980, Feb. 25,1981, as amended at and for the mitigation of any signifi-
48 FR 28219 June 21,1983. Redesignated cant adverse environmental impacts
and arnended at 51 FR 27162 July 30,1986; caused by site characteristion activi-
54 FR 27871, July 3,1989] g gg

able for application for a construction9 60.16 Site characterization plan re. authorization for a geologic repositoryquired,
peradons area;

Before proceeding to sink shafts at (4) Criteria, developed pursuant to
any area which has been approved by section 112(a) of the Nuclear Wastethe President for site characterization, Policy Act of 1982, to be used to deter-
DOE shall submit to the Director, for

mine the suitability of such area forreview and comment, a site character.
the location of a geologic repository;ization plan for such area. DOE shall

defer the sinking of such shaf ts until and
such time as there has been an oppor. (5) Any other information which the
tunity for Commission comments Commission, by rule or order, requires.
thereon to have been solicited and (b) A description of the possible

considered by DOE. waste form or waste package for the

hWM ramach wasu m M em-(51 FR 27162, July 30,19861 placed in such geologic repository, a
9 60.17 Contents of alte characterization description (to the extent practicable)

of the relationship between suchplan.
waste form or waste package and the

The site character |zation plan shall host rock at such area, and a descrip-
contain- tion of the activities being conducted

(a) A general plan for site character- by DOE with respect to such possible
Ization activities to be conducted at waste form or waste package or their
the area to be characterized, which

relationship; and
general plan shall include: (c) A conceptual design for the geo-
(1) A description of such area, in- logic repository operations area thatcluding information on quality assur- m e W ficance programs that have been applied

to the collection, recording, and reten. requirements,

tion of information used in preparing (51 FR 27163, July 30,19861
such description.

(2) A description of such site charac-
terization activities, including the fol-
lowing-
(i) The extent of planned excava-

tions;
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5 60.18 Iteview of alte characterization ac- together with such additional com-
tivities.2 ments as may b9 warranted. These

(a) The Director shall cause to be comments shall include either a state-
ment that the Director has no objec-published in the PEDERAL REGISTER a

notice that a site characterization plan tion to the DOE's site characterization
has been received from DOE and that program, if such a statement is appro-

a staff review of such plan has begun, priate, or specific objections with re-

The notice shall identify the area to spect to DOE's program for character-

be characterized and the NRC staff ization of the area concerned. In addi-
members to be consulted for further tion, the Director may make specific

information. recommendations pertinent to DOE's
(b) The Director shall make a copy site characterization program,

of the site characttcization plan avail. (e) If DOE's planned site character-

able at the Public Document Room. Ization activities include onsite testing i

The Director shall also transmit copies with radioactive material, including j

of the published notice of receipt to radioactive tracers, the Director's com-

the Governor and legislature of the ments shall include a determination
State in which the area to be charac. regarding whether or not the Commis-
terized is located and to the governing slon concurs that the proposed use of
body of any affected Indian Tribe. such radioactive material is necessary
The Director shall provide an opportu- to provide data for the preparation of
nity, with respect to any area to be the environmental reports required by
characterized, for the State in which law and for an application to be sub-

such area is located and for affected mitted under 6 60.22 of this part.
Indian Tribes to present their views on (f) The Director shall publish in the
the site characterization plan and FEDERAL REctsTEn a notice of availabil-
their suggestions with respect to com- ity of the site characterization anayl-
ments thereon which may be made by sis and a request for public comment.
NRC. In addition, the Director shall A reasonable period, not less than 90

make NRC staff available to consult days, shall be allowed for comment.
with States and affected Indian Tribes Copies of the site characterization
as provided in Subpart C of this part. analysis and of the comments received

(c) The Director shall review the site shall be made available at the Public
characterization plan and prepare a Document Room.
site characterization analysis with re. (g) During the conduct of site char-
spect to such plan. In the preparation acterization activities, DOE shall
of such site characterization analysis, report not less than once every six
the Director may invite and consider months to the Commission on the
the views of interested persons on nature and extent of such activities
DOE's site characterization plan and and the information that has been de-
may review and consider comments veloped, and on the progress of waste
made in connection with public hear- form and waste package research and
ings held by DOE. development. The semiannual reports
(d) The Director shall provide to shall include the results of site charac-

DOE the site characterization analysis terization studies, the identification of

new issues, plans for additional studies
M msoM mw issus, ehna@n of

* In addition to the review of site charac-
planned studies no longer necessary,terization activities specified in this section.

the Commission contemplates an ongoing idenbfication of decision points
review of other information on site mvesti. reached and modifications to sched-
gation and site charactertzation, in order to ules where appropriate. DOE shall
allow early identification of potential licens- also report its progress in developing
ing issues for timely resolution. This activi- the design of a gcologic repository op-
ty will include, for example, a review of the crations area appropriate for the aren
environmental assessments prepared by being characterized, noting when key

iia ti$e "[ design parameters or features whicheiw fi u la ed to lor
ploratory shaf t planning and procuremot depend upon the results of site charac-
actions by DOE pnor to issuance of site terization will be established. Other
charactenzauon plans topics related to site characterization
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shall also be covered if requested by Commission, the Atomic Safety and

| the Director. Licensing Appeal Board. Atomic
(h) During the conduct of site char- Safety and Licensing Boards, other

acterization activities, NRC staff shall presiding officers, or the Director, in
be permitted to visit and inspect the any such proceeding.
locations at which such activities are (51 FR 27163. July 30,19861carried out and to observe excavations,
borings, and in situ tests as they are LICENSE APPLICATIONS
done.
(1) The Director may comment at 9 60.21 Content of application.

any time in writing to DOE, express- (a) An application shall consist ofing current views on any aspect of site general information and a Safety
characterization. In particular, such'

Analysis Report. An environmental
comments shall be made whenever the impact statement shall be prepared inDirector, upon review of comments in- accordance with the Nuclear Wastevited on the site characterization anal- Policy Act of 1982, as amended, andysis or upon review of DOE's semian- shall accompany the application. Any
nual reports, determines that there Restricted Data or National Security
are substantial new grounds for

Information shall be separated frommaking recommendations or stating unclassified information.objections to DOE's site characteriza- (b) The general information shall in-
tion pr ogram. The Director shall

clude:invite public comment on any com-
ments which the Director makes to (1) A general description of the pro.
DOE upon review of the DOE semian. posed geologic repository identifying

the location of the geologic repositorynual reports or on any other com,
ments which the Director makes to operations area, the general character
DOE on site characterization. of the proposed activities, and the

(j) The Director shall transmit
basis for the exercise of licensing au-

copies of the site characterization thority bv the Commission.
analysis and all comments to DOE (2) Proposed schedules for construc-
made by the Director under this sec- tion, receipt of waste, and emplace-

tion to the Governor and legislature of ment of wastes at the proposed geolog-

the State in which the area to be char. ic repository operations area.
acterized is located and to the govern. (3) A certification that DOE will
ing body of any affected Indian Tribe. provide at the geologic repository op-
When transmitting the site character. erations aren such safeguards as it re-

ization analysis under this paragraph, quires at comparable surface facilities
the Director shall invite the address- (of DOE) to promote the common de-
ees to review and comment thereon. fense and security.

(k) All correspondence between DOE (4) A description of the physical se-
and the NRC under this section, in- curity plan for protection against radi-
cluding the reports described in para- ological sabotage. Since the radiation
graph (g), shall be placed in the Public hazards associated with high level

Document Room, wastes make them inherently unat-

(1) The activities described in para- tractive as a target for theft or diver-

graphs (a) through (k) of this section sion, no detailed information need be
constitute informal conference be- submitted on protection against theft
tween a prospective applicant and the or diversion.
staff, as described in i 2.101(a)(1) of (5) A description of site characteriza-
this chapter, and are not part of a pro- tion work actually conducted by DOE
ceeding under the Atomic Energy Act at all sites considered in the applica-

of 1954, as amended. Accordingly, nel- tion and, as appropriate, explanations
ther the issuance of a site character- of why such work differed from the
ization analysis nor any other com- description of the site characterization
ments of the Director made under this program described in the Site Charac-
section constitutes a commitment to terization Report for each site,
issue any authorization or license or in (c) The Safety Analycis Report shall
any way affect the authority of the include:

I
'
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(1) A description and assessment of or detracts from isolation. For the pur-
the site at which the propcsed geolog- pose of determining the presence of
ic repository operations area is to be the potentially adverse conditions, in-
located with appropriate attention to vestigations shall extend from the sur-
those features of the site that might face to a depth sufficient to determine
affect geologic repository operations critical pathways for radionuclide mi-
area design and performance. The de- gration from the underground facility
scription of the site shall identify the to the accessible environment. Poten-
location of the geologic repository op- tially adverse conditions shall be inves-
erations area with respect to the tigated outside of the controlled area
boundary of the accessible environ- if they affect isolation within the con-
ment. trolled area.
(i) The description of the site shall (C) An evaluation of the perform-

also include the following information ance of the proposed geologic repost-
regarding subsurface conditions. This tory for the period after permanent
description shall, in all cases, include closure, assuming anticipated process-
such information with respect to the es and events, giving the rates and
controlled area. In addition, where quantities of releases of radionuclides
subsurface conditions outside the con- to the accessible environment as a
trolled area may affect isolation function of time; and a similar evalua-
withm the controlled area, the de- tion which assumes the occurrence of
scription shall include such informa- unanticipated processes and events.
tion with respect to subsurface condi-

(D) The effectiveness of engineeredtions outside the controlled area to and natural barriers, including bar-the extent such information is rele- riers that may not be themselves avant and material. The detailed infor- part of the geologic repository oper-
mation referred to in this paragraph

ations area, against the release of ra-

doach maMal to @ Monment
( t or entation, distribution, ap-

The analysis shall also include a com.
erture in filling and origin of frac-

parative evaluation of alternatives to
tures, discontinuities, and heterogene-

the major design features that are im-ities.'
p rtant to waste isolation, with par-

(B) The presence and characteristics
ticular attention to the alternativesof other potential pathways such as
that would provide longer radionuclidesolution features, breccia pipes, or
containmant and isolation.othe" potentially permeable features;

(C) The geomechanical properties (E) An analysis of the performance

and conditions, including pore pres. of the major design structuras, sys-

sure and ambient stress conditions; tems, and components, both surface

(D) The hydrogeologic properties and subsurface, to identify those that

and conditions; are important to safety. For the pur-

(E) The geochemical properties; and poses of this analysis, it shall be as.

(F) The anticipated response of the sumed that operations at the geologic
geomechanical, hydrogeologic, and repository operations area will be car-

geochemical systems to the maximum ried out at the maximum capacity and

design therma: loading, given the pat. rate of receipt of radioactive waste

tern of fractures and other discontinu. stated in the application.

ities and the heat transfer properties (F) An explanation of measures used
of the rock mass and groundwater. to support the models used to perform

(11) The assessment shall contain: the assessments required in para-
( A) An analysis of the geology, geo- graphs ( A) through (D). Analyses and

physics, hydrogeology, geochemistry, models that will be used to predict
climatology, and meteorology of the future conditions and changes in the
site, geologic setting shall be supported by
(B) Analyses to determine the using an appropriate combination of

degree to which each of the favorable such methods as field tests, in situ
and potentially adverse conditions, if tests, laboratory tests which are repre-
present, has been characterized, and sentative of field conditions, monitor-

the extent to which it contributes to ing data, and natural analog studies.
1

& |
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(2) A description and discussion of (8) A description o' the controls that
the design, both surface and subsur- the applicant will spply to restrict

f ace, of the geologic repository oper- access and to regulate land use at the

ations area including: (1) the principal site and adjacent anas, including a

design criteria and their relationship conceptual design af monuments
to any general performance objectives which would be used so identify the

promulgated by the Commission, (ii) controlled area after permanent clo-

the design bases and the relation of sure,

the design bases to the principal (9) Plans for coping with radiological
design criteria, (iii) Information rela- emergencies at any time prior to per-
tive to materials of construction (in- manent closure and decontamination
cluding geologic media, general ar- or dismantlement of surface facilities,
rangement, and approximate dimen- (10) A description of the nuclear ma-
sions), and - (iv) codes and standards terial control and accounting program,

that DOE proposes to apply to the (11) A description of design consider-
design and construction of the geolog- ations that are intended to f acilitate
ic repository operations area, permanent closure and decontamina-

(3) A description and analysis of the tion or dismantlement of surface fa-
design and performance requirements cilities.
for structures, systems, and compo- (12) A description of plans for re-

nents of the geologic repository which trieval and alternate storage of the ra-
are important to safety. This analysis dioactive wastes should the geologic
shall consider-(l) The margins of repository prove to be unsuitable for
safety under normal conditions and disposal of radioactive wastes,
under conditions that may result from (13) An identification and evaluation
anticipated operational occurrences, of the natural resources of the geolog-
including those of natural origin; and ic setting, including estimates as to im-
(11) the adequacy of structures, sys- discovered deposits, the exploitation
tems, and components provided for of which could affect the ability of the
the prevention of accidents and miti- geologic repository to isolate radioac-
gation of the consequences of acci- tive wastes. Undiscovered deposits of
dents, including those caused by natu- resources characteristic of the area
ral phenomena. shall be estimated by reasonable infer-

(4) A description of the quality as- ence based on geological and geophysi-
surance program to be applied to the cal evidence. This evaluation of re-
structures, systems, and components sources, including undiscoverd depos.
important to safety and to the engi- its, shall be conducted for the site and
neered and natural barriers important for areas of similar size th .t are repre-

to waste isolation. sentative of and are within the geolog-
(5) A description of the kind, ic setting. For natural resources with

amount, and specifications of the ra- current markets the resources shall be
dioactive material proposed to be re- assessed, with estimates provided of
ceived and possessed at the geologic both gross and net value. The estimate
repository operations area. of net value shall take into account
(6) An identification and justifica- current development, extraction and

tion for the selection of those varia- marketing costs. For natural resources
bles, conditions, or other items which without current markets, but which

are determined to be probable subjects would be marketable given credible

of license specifications. Special atten- projected changes in economic or tech-
tion shall be given to those items that nological factors, the resources shall
may significantly influence the final be described by physical factors such
design, as tonnage or other amount, grade,

(7) A description of the program for and quality,
control and monitoring of radloactive (14) An identification of those struc-
effluents and occupational radiation tures, systems, and components of the
exposures to maintain such effluents geologic repository, both surface and
and exposures in accordance with the subsurface, which require research

requirements of Part 20 of this chap- and development to confirm the ade-
ter. quacy of design. For structures, sys-
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| tems, and components important to and any supplements, s. tall be signed
| safety and for the engineered and nat- by the Secretary of Energy oc the Sec-

ural barriers important to waste isola- retary's authorized representative and
tion, DOE shall provide a detailed de- shall be filed in triplicate with the Di-
scription of the programs designed to rector,
resolve safety questions, including a (b) Each portion of such applicationschedule indicating when these ques- and any amendments, and each envi-
tions would be resolved- ronmental impact statement and any(15) The following information con-
cerning activities at the geologic repos- supplements, shall be accompanied by

30 additional copies. Another 120itory operations area: copies shall be retained by DOE for(1) The organizational structure of
distribution in accordance with writ-DOE as it pertains to construction and
ten instructions from the Director oroperation of the geologic repository the Director's designee.operations area including a description

of any delegations of authority and as. (c) DOE shall, upon notification of

signments of responsibilities, whether the appointment of an Atomic Safety
in the form of regulations, administra- and Licensing Board, update the appil-
tive d ectives, contract provisions, or cation, eliminating all superseded in-

formation, and supplement the envi-
(11) Identification of key positions ronmental impact statement if neces-

which are assigned responsibility for sary, and serve the updated applica-
safety at and operation of the geologic tion and environmental impact state-
repository operations area. ment (as it may have been supple-
(iii) Personnel qualifications and mented) as directed by the Board, At

training requirements, that time DOE shall also serve one
(iv) Plans for startup activities and such copy of the application and envi-

startup testing, ronmental impact statement on the

(v) Plans for conduct of normal ac. Atomic Safety and Licensing Appeal
tivities, including maintenance, sur. Panel. Any subsequent amendments to
veillance, and periodic testing of struc. the application or supplements to the
tures, systems, and components of the environmental impact statement shall
geologic repository operation area. be served in the same manner.

(vi) Plsns for permanent closure and (d) At the time of filing of an appil-
plans for the decontamination or dis- cation and any amendments thereto,
mantlement of surface facilities, one copy shall be made available in an

(vil) Plans for any uses of the geo- appropriate location near the pro-
logic repository operations area for posed geologic repository operations
purposes other than disposal of radio- area (which shall be a public docu.
active wastes, with an analysis of the ment room, if one has been estab-
effects, if any, that such uses may lished) for inspection by the public
have upon the operation of the struc- and updated as amendments to the ap-
tures, systems, and components impor- plication are made. The environmental
tant to safety and the engineered and impact statement and any supple-
natural barriers important to waste ments thereto shall be made available
isolation, in the same manner. An updated copy
(40 FR 13980, Feb. 25,1981, as amended at of the application, and the environ-
48 FR 28219, June 21.1983; 54 FR 27871, mental impact statement and supple-
July 3,19891 ments, shall be produced at any public

hearing held by the Commission on
9 60.22 Filing and distribution of applica- the application, for use by any party

tion, to tha proceeding,
(a) An application for a license to re- (e) The DOE shall certify that the

ceive and possess source, special nucle- updated copies of the application, and
ar, or byproduct material at a geologic the environmental impact statement
repository operations area at a site as it may have been supplemented, as
which has been characterized, and any referred to in paragraphs (c) and (d)
amendments thereto, and an accompa- of this section, contain the current
nying environmental impact statement contents of such documents submitted
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in accordance with the requirements CONSTRUCTION AUTHORIZATION
of this part.

N 60.31 Construction authorization.
(54 FR 27871. July 3.19891 Upon review and consideration of an
9 60.23 Elimination of repetition. application and environmental impact

statement submitted under this part,
In its application, environmental the Commission may authorize con-

report, or Site Characterization struction if it determines.
Report, the DOE may incorporate by (a) Safety. That there is reasonable
reference information contained in assurance that the types and amounts
previous applications, statements, or of radioactive materials described in
reports filed with the Commission: the application can be received, pos-
Protrided, That such references are sessed, and disposed of in a geologic
clear and specific and that copies of repository operations area of the
the information so incorporated are design proposed without unreasonable
available in the public document room risk to the health and safety of the

located near the site of the proposed public. In arriving at this determina-
geologic repository, tion, the Commission shall consider

whether:
0 60.24 Updating of application and envi- (1) DOE has descr: bed the proposed

ronmental impe.ct statement. geologic repository in''luding but not
limited to: (t) The geologic, geophysi-(a) The application shall be as com. cal, geochemical and hyd ologic char-plete as possible in the light of in.for. acteristics of the site; (ii) the kindsmation that is reasonably available at and quantitles of radioactive waste to

the time of docketing, be received, possessed, stored, and cis-(b) The DOE shall update its appli, posed of in the geologic repository op-
cation in a timely manner so as to erati ns area; (11t} the principal archi-permit the Commission to review' emal and engmmmg cha for
prior to issuance of a license. the design of the geologic repository.

(1) Additional geologic, geophysical, operations area; (iv) construction pro-
geochemical, hydrologic, meteorologic cedures which may af fect the capabil-
and other data obtained during con- ity of the geologic repository to serve
struction. its intended function; and (v) features

(2) Conformance of construction of or components incorporated in the
structures, systems, and components design for the protection of the health
with the design. and safety of the public.
(3) Results of research programs car- (2) The site and design comply with

ried out to confirm the adequacy of the performance objectives and crite-
designs, ria contained in Subpart E of this

(4) Other information bearing on part.

the Commission's issuance of a license (3) The DO E's quality assurance

that was not available at the time a program complies with the require-
construction authorization was issued. ments of Subpart G of this part.
(c) The DOE shall supplement its (4) The DOE's personnel training

environmental impact statement in a program complies with the criteria
contained in Subpart H of this part,timely manner so as to take into ac.

count the environmental impacts of (5) The DOE's emergency plan com-
plies with the criteria contained inany substantial changes in its pro,
Subpart I of this part.posed actions or any significant new (6) The DOE's proposed operating

circumstances or information relevant procedures to protect health and toto environmental concerns and bear- minimize danger to life or propertying on the proposed action or its im- are adequate.
pacts, (b) Common defense and security.
(46 FR L3980. Feb. 25.1981, as amendea at That there is reasonable assurance
54 FR 27872. July 3.1989] that the activities proposed in the ap-

plication will not be inimical to the

83

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ - _ __ ______



_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ .

Nuclect Regulatory Commission 60,41

| common defense and security. A DOE cedures which may not be changed
j certification that it will provide at the without: (i) 60 days prior notice to the
. geologic repository operations area Commission (ii) 30 days notice of op-

such safeguards as it requires at com- portunity for a prior hearing, and (iii)
parab;c DOE surface f acilities to pro- prior Commission approval; (2) those
mote the common defense and securi- features and procedures which may
ty will constitute a rebuttable pre- not be changed without (i) 60 days
sumption of noninimicality to the prior notice to the CommLssion, and
common defense and security. (ii) prior Commission approval; and (3)

(c) Environmental. That, after those features and procedures which
weighing the environmental. econom- may not be changed without 60 days
ic. technical and other benefits against notice to the Commission. Features
environmental costs and considering and procedures falling in paragraph
available alternatives, the action (c)(3 ) of this section may not be
called for is issuance of the construc- changed without prior Commission ap-
tion authorization, with any appropri- proval if the Commission, af ter having
ate conditions to protect environmen- received the required notice, so orders.
tal values- (d) A construction authorization
(46 FR 13980. Feb. 25.1981. as amended at shall be subject to the limitation that

48 FR 28220. June 21.1983. 54 FR 27872. a license to receive and possess source,
July 3.1989) special luclear, or byproduct material

at the geologic repository operations
N 60.32 Conditions of construction author- area shall not be issued by the Com-

ization. mission until (1) the DOE has updated
(a) A construction authorization its application as specified in i 60.24,

shall include such conditions as the and (2) the Commission has made the
Commission finds to be necessary to . findings stated in i 60.41.
protect the health and safety of the
public, the common defense and secu- (16 FR 13980. Feb. 25,1981, as amended at

48 FR 28221. June 21,1983)
rity, or environmental values.

(b) The Commission will incorporate W 60.33 Amendment of construction au-in the construction authorization pro- thorization.visions requiring DOE to furnish peri-
odic or special reports regarding: (1) (a) An application for amendment of

Progress of construction, (2) any data a construction authorization shall be
about the site obtained during con. filed with the Commission fully de-

struction which are not within the scribing any changes desired and fol-

predicted limits upon which the facili. lowing as far as applicable the format

ty design was based, (3) any deficien. prescribed in 6 60.21.
cies in design and construction which, (b) In determining whether an
if uncorrected, could adversely affect amendment of a construction authori-
safety at any future time, and (d) re. zation will be approved, the Commis-
sults of research and development pro. slon will be guided by the consider-
grams being conducted to resolve ations which govern the issuance of
safety questions. the initial construction authorization,

(c) The construction authorization to the extent applicable.

will include restrictions on subsequent
changes to the features of the geologic LICENSE ISSUANCE AND AMENDMENT
repository and the procedures author-

6 60.41 Standards for issuance of a 11-ized. The restrictions that may be im-
#'"8''posed under this paragraph can in-

clude measures to prevent adverse ef. A license to receive and possess
fects on the geologic setting as well as source, special nuclear, or byproduct
measures related to the design and material at a geologic repository oper-
construction of the geologic repository ations area may be issued by the Com-
operations area. These restrictions will mission upon finding that:
fallinto three categories of descending (a) Construction of the geologic re-
importance to public health and safety pository operations area has been sub-
as follows: (1) Those features and pro- stantially completed in conformity
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with the application as amended, the (3) The license shall be subject to

provisions of the Atomic Energy Act, the provisions of the Atomic Energy
and the rules and regulations of the Act now or hereafter in effect and to
Commission. Construction may be all rules, regulations, and orders of the
deemed to be substantially complete Commission. The terms and conditions
for the purposes of this paragraph if of the license shall be subject to

the construction of (1) surface and amendment, revision, or modification,

interconnecting structures, systems, by reason of amendments to or by
and components, and (2) any under- reason of rules, regulatforu, and orders
ground storage space required for ini. issued in accordance with the terms of
tial operation are substantially com. the Atomic Energy Act.

plete. (c) Each license shall be deemed to
(b) The activities to be conducted at contain the provisions set forth in Sec-

the geologic repository operations area tion 183 b d, inclusive, of the Atomic

will be in conformity with the applica- Energy Act, whether or not these pro-
tion as amended, the provisions of the visions are expressly set forth in the 11-
Atomic Energy Act and the Energy cense.
Reorganization Act, and the rules and 9 60.43 License speelfication.regulations of the Commission.

(c) The issuance of the license will (a) A license issued under this part

not be inimical to the common defense shall include license conditions derived
and security and will not constitute an from the analyses and evaluations in-
unreasonable risk to the health and cluded in the application, including

safety of the public. A DOE certifica- amendments made before a license is
tion that it will provide at the geologic issued, together with such addttional
repository operations area such safe- conditions as the Commission finds ap-
guards as it requires at comparable propriate.
DOE facilities to promote the common (b) License conditions shall include
defense and security, will constitute a items in the following categories:
rebuttable presumption of non inimi- (1) Restrictions as to the physical
cality to the common defense and se- and chemical form and radioisotopic
curity, content of radioactive waste.

(d) All applicable requirements of (2) Restrictions as to size, shape, and
Part 51 have been satisfied. materials and methods of construction

of radioactive waste packaging.
0 60.12 Conditions of license. (3) Restrictions as to the amount of

(a) A license issued pursuant to this waste permitted per unit volume of
part shall include such conditions, in- storage space considering the physical
cluding license specifications, as the characteristics of both the waste and
Commission finds to be necess;ry to the host rock.
protect the health and safety of the (4) Requirements relating to test,
public, the common defense and secu- calibration, or inspection to assure

rity, and environmental values. that the foregoing restrictions are ob-
(b) Whether stated therein or not, served.

the following shall be deemed condi- (5) Controls to be applied to restrict-
tions in every license issued: ed access and to avoid disturbance to
(1) The license shall be subject to the controlled area and to areas out-

revocation, suspension, modification, side the controlled area where condi-
or amendment for cause as provided tions may affect isolation within the
by the Atomic Energy Act and the controlled area.
Commission's regulations. (6) Administrative controls, which

(0) The DOE shall at any time while are the provisions relating to organiza-
the license is in effect, upon written tion and management, procedures, rec-
request of the Commission, submit ordkeeping, review and audit, and re-
written statements to enable the Com- porting necessary to assure that activi-
mission to determine whether or not ties at the facility arc conducted in a
the license should be modified, sus- safe manner and in conformity with

pended or revoked. the other license specifications.
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(46 FR 13980. Feb. 25,1981, as amended at Part 20 of this chapter with a copy to4B FR 28221, June 21,1983) the Director, Office of Nuclear Materi-
0 60.44 Changes, tests, and experiments. al Safety and Safeguards, U.S. Nuclear

Regulatory Commission, Washington,
(a)(1) Following authorization to re. D.C. 20555. Any report submitted pur.

ceive and possess source, special nucle- suant to this paragraph shall be made
ar, or byproduct material at a geologic a part of the public record of the 11-
repository operations area, the DOE cenring proceedings,
may (1) make changes in the geologic
repository operations area as described (46 FR 13980. Feb. 25,1981, as amended at
in the application, (ii) make changes 52 FR 31612 Aug. 21,1987)

in the procedures as described in the 9 60.45 Amendment of license.
'

application, and (iii) conduct tests or

experiments not described in the ap' (a) An application for amendment of
plication, without prior Commission a license may be filed with the Com-
approval, provided the change, test, or mission fully describing the changes
experiment involves neither a change desired and following as far as applica-
in the license conditions incorporated ble the format prescribed for license
in the license nor an unreviewed applications

(b) In determining whether an
(2) A pro o d change, test, or ex- amendment of a license wlM oe ap-

periment shall be deemed to involve proved, the Commission will be guided
an unreviewed sdety question if (1) by the considerations that gavern the
the likelihood of occurrence or the issuance of the initial licer.se, to the
consequences of an accident or mal- extent applicable.
function of equipment important to 0 60.46 Particul .c activities requiring 11-safety previously evaluated in the 4 cmse amendment.plication is increased, (ii) the possibill-
ty of an accident or malfunction of a (a) Unless expressly authorized in
different type than any previously the license, an amendment of the li-
evaluated in the application is created, cense shall be required with respect to
or (iii) the margin of safety as defined any of the following activities:
in the basis for any license condition is (1) Any action which would make
reduced, emplaced high level radioactive waste

(b) The DOE shall maintain records irretrievable or which would substan-
of changes in the geologic repository tially increase the difficulty of retriev-
operations area and of changes in pro, ing such emplaced waste.
cedures made pursuant to this section, (2) Dismantling of structures,
to the extent that such changes con- (3) Removal or reduction of controls
stitute changes in the geologic reposi. applied to restrict access to or avoid+

tory operations area or procedures as disturbance of the controlled area and
described in the application. Records to areas outside the controlled area
of tests and experiments carried out where conditions may affect isolation
pursunn', to paragraph (a) of this sec- within the controlled area.
tion shall also be maintained. These (4) Destruction or disposal of records
records shall include a written safety required to be maintained under the
evaluation which provides the basis provisions of this part,.
for the determination that the change, (5) Any substantial change to the
test, or experiment does not involve an design or operating procedures from
unreviewed safety question. The DOE that specified in the license,
shall prepare annually, or at such (6) Permanent closure.
shorter intervals as may be specified (7) Any other activity involving an
in the license, a report containing a unreviewed safety question.
brief description of such changes, (b) An application for such an

amendment shall be filed, and shall betests, and experiments, including a
summary of the safety evaluation of reviewed, in accordance with the pro-
each. The DOE shall furnish the visions of 5 60.45.
report to the appropriate NRC Re. (46 FR 13980. Feb. 25,1981, as amended at
gional Office shown in Appendix D of 48 FR 28221, June 21,1983)
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Pr.RMANENT CLOSURE (6) Other information bearing upon
permanent closure that was not avall-

0 60.51 License amendment for permanent able at the time a license was issued.
CI 8 "''' (b)If necessary, so as to take into ac-

(a) DOE shall submit an application count the environmental impact of
) to amend the license prior to perma- any substantial changes in the perma-

nent closure. The submissivn shall nent closure activities proposed to be
consist of an update of the license ap- carried out or any significant new in-
plication submitted under ;l 60.21 and formation regarding the environmen-
60.22, including: tal impacts of such closure DOE shall

(1) A description of the program for also supplement its environmental
post permanent closure monitoring of impact statement and submit such

statement, as supplemented, with the'

(2) A det led description of the appHcauon for Ucme amendmm
measures to be employed-such as
land use controls, construction of (46 FR 13980 Feb. 25,1981, as amended at
monuments, and preservation of 48 FR 28221, June 21,1983; 54 FR 27872.
records-to regulate or prevent activi. July 3,19891

ties that could impair the long term 8 60.52 Termination of license.isolation of cmplaced waste within the
geologic repository and to assure that (a) Following permanent closure and
relevant information will be preserved the decontamination or dismantle-
for the use of future generations. As a ment of surf ace f acilities, DOE may
minimum, such measures shall in- apply for an amendment to terminate
clude: the license.

(1) Identification of the controlled (b) Such application shall be filed,
area and geologic repository oper- and will be reviewed, in accordance
ations area by monuments that have with the provisions of i 60.45 and this
been designed, fabricated, and em- section.
phced to be as permanent as is practi- (c) A license shall be terminated

only when the Commission finds with
( P acement of records in the ar- respect to the geologic repository:

chives and land record systems of local (1) That the final disposition of ra-
State, and Federal government agen. dioactive wastes has been made in con-cies, and archives elsewhere in the formance with the DOE's plan, asworld, that would be likely to be con. amended and approved as part of thesulted by potential human intruders-

license.such records to identify the location of
the geologic repository operations (2) That the final state of the geo-
area, including the underground facili- logic repository operations area con-
ty, boreholes and shafts, and the forms to DOE's plans for permanent
boundaries of the controlled area, and closure and DOE's plans for the de-
the nature and hazard of the waste. contamination or dismantlement of

'3) Geologic, geophysical, geochemi- surf ace f acilities, as amended and ap-
cal, hydrologic, and other site data proved as part of the license,
that are obtained during the oper- (3) That the termination of the 11
attonal period pertinent to the long- cense is authorized by law, including
term isolation of emplaced radioactive sections 57, 62, and 81 of the Atomic
wastes. Energy Act, as amended.

(4) The results of tests, experiments. (46 FR 13980. Feb. 25,1981, as amended atand any other analyses relating to 48 FR 28222, June 21.1983)
backfill of excavated areas, shaf t seal.
ing, waste interaction with the host
rock, and any other tests, experiments, Subport C-Participation by State
or analyses pertinent to the long term Governments and AHected
isolation of emplaced wastes within Indian Tribes
the geologic repository.

(5) Any substantial revision of plans Souncr:: 51 FR 27164. July 30.1986. unless
f or permanent closure. otherwise noted.
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| 0 60.61 Provision of information. (3) Cooperation in development of
(a) The Director shall provide to the proposals for State and Tribe partici-

Governor and legislature of any State pation in license reviews.
In which a geologic repository oper- 0 60.63 Participation in license reviews,
ations area is or may be located, and
to the governing body of any affected (a) State and local governments and
Indian Tribe, timely and complete in, af fected Indian Tribes may participate
formation regarding determinations or in license reviews as provided in Eab-
plans made by the Commission with part O of Part 2 of this chapter, A
respect to the site characterization. State in which a repository for high-
siting, development, design, licensing, level radioactive waste is proposed to
construction, operation, regulation, be located and any affected Indian
permanent closure, or decontamina. Tribe shall have an unquestionable
Lion and dismantlement of surface fa, legal right to participate as a party in
cilities, of such geologic repository op, such proceedtngs.
erations area. (b) In addition, whenever an area

(b) For purposes of this section, a has been approved by the President
for she characterization, a State or angeologic repository operations area

shall be considered to be one which affected Indian Tribe may submit to
"may be located" in a State if the loca. the Director a proposal to facilitate its
tion thereof in such State has been de- participation in the review of a site

scribed in a site characterization plan characterization plan and/or license

submitted to the Commission under application. The proposal may be sub-
this part. mitted at any time and shall contain a
(c) Notwithstanding paragraph (a) description and schedule of how the

of this section, the Director is not re- State or affected Indian Tribe wishes ,

quired to distribute any document to to participate in the review, or what

any entity if, with respect to such doc- services or activities the State or af-
ument, that entity or its counsel is in, fected Indian Tribe wishes NRC to
cluded on a service list prepared pur, carry out, and how the services or ac-

suant to Part 2 of this chapter. tivities proposed to be carried out by
(d) Copies of all communications by NRC would contribute to such partici-

the Director under this section shall pati n. The proposal may include edu-
cational or information services (semi-be placed in the Public Document

Room, and copies thereof shall be fur- nars, pubhc meetings) or other actions
nished to DOE, n the part of NRC, such as establish-

ing additional public document rooms

s 60.62 Site review. or employment or exchange of State
personnel under the Intergovernmen-

(a) Whenever an area has been ap- tal Personnel Act,
proved by the President for site char- (c) The Director shall arrange for a
acterization, and upon request of a meeting between the representatives
State or an affected Indian Tribe, the of the State or affected Indian TribeDirector shall make NRC staf f avail- and the NRC staff to discuss any pro-able to consult with representatives of posal submitted under paragraph (b)
such States and Tribes. of this section, with a view to identify.
(b) Requests for consultation shall ing any modifications that may con-

be made in writing to the Director. tribute to the effective participation
(c) Consultation under this section by such State or Tribe,

may include: (d) Subject to the availability of
(1) Keeping the parties informed of funds, the Director shall approve all

the Director's views on the progress of or any part of a proposal, as it may be
site characterization. modified through the meeting de.

(2) Review of applicable NRC regula. scribed above, if it is determined that:
tions, licensing procedures, schedules, (1) The proposed activities are suita-
and opportunities for State and Tribe ble in light of the type and magnitude
participation in the Commission's reg- of impacts which the State or affected
ulatory activities. Indian Tribe may bear;
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(2) The proposed activitics: avide a complete history of the

(1) Will enhance communications be- .novement of the waste from the ship-
tween NRC and the State or affected per through all phases of storage and
Indian Tribe; disposal. DOE shall retain these
(11) Will make a productive and records in a manner that ensures their

timely contribution to the review; and uscability for future generations in ac-
(111) Are authorized by law, cordance with 6 60.51(a)(2).
(e) The Director will advise the [48 FR 28222 June 21,1983, as amended at

State or affected Indian Tribe wheth. 53 FR 19251 May 27,19881
er its proposal has been accepted or
denied, and if all or any part of pro- 9 60.72 Construction records.
posal is denied, the Director shall (a) DOE shall maintain records of
state the reason for the dental. construction of the geologic repo.sitory(f) Proposals submitted under this operations area in a manner that en-section, and responses thereto, shall

sures their useability for future gen-
be made available at the Public Docu- erations in accordance with
ment Room. 6 60.51(a)(2).
9 60.64 Notice to States. (b) The records required under para-

graph (a) shall include at least the fol-If the Governor and legislature of a
lowing:State have jointly designated on their (1) Surveys of the underground facil-behalf a single person or entity to re- ity excavations, shaf ts, and boreholes

ceive notice and information from the referenced to readily identifiable sur-Commission under this part, the Com- face features or monuments;mission will provide such notice and (2) A description of the materials en-information to the jointly designated countered;
person or entity instead of the Gover- (3) Geologic maps and geologic crossnor and legislature separately. sections;

(4) Locations and amount of seep-9 60.65 llepresentation.
age

Any person who acts under this sub, (5) Details of equipment, methods'
part as a representative for a State (or progress, and sequence of work'for the Governor or legislature there- (6) Construction problems;
of) or for an affected Indian Tribe (7) An malous conditions encoun-shall include in the request or other

tered;submission, or at the request of the (8) Instrument locations, readings,
Commission, a statement of the basis and uof his or her authority to act in such (9} Lo tion and description of struc-
representath e capacity. al s pport sysW

(10) Location and description of
Subpart D-Records, Reports, Tests, dewatering systems; and

and Inspections (11) Details, methods of emplace-

ment aM McaWn of seals usM.
SOURCE: 48 FR 28222. June 21.1983, unless

Otherwise noted. (48 FR 28222 June 21.1983, as amended at
53 FR 19251, May 27,19881

9 60.71 Ilecords and reports.
9 60.73 fleports of deficiencies.

(a) DOE shall maintain such records
and make such reports in connection DOE shall promptly notify the Com-
with the licensed activity as may be re- mission of each deficiency found in

quired by the conditions of the license the characteristics of the site, and

or by rules, regulations, and orders of design and construction of the geolog-
the Commission as authorized by the ic repository operations area which,
Atomic Energy Act and the Energy were it to remain uncorrected, could:
Reorganization Act. (a) Be a substantial safety hazard, (b)

(b) Records of the receipt, handling, represent a significant deviation from
and disposition of radioactive waste at the design criteria and design bases
a geologic repository operations area stated in the application, or (c) repre-
shall contain suf ficient information to sent a deviation from the conditions

t
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stated in the terms of a construction office facilities at the geologic repost-
authorization or the license, including tory operations area. A space of 250
license specifications. The notification square feet either within the geologic
shall be in the form of a written repository operations area's office
report, copies of which shall be sent to complex or in an office trailer or other
the Director and to the appropriate onsite space at the geologic repository
Nuclear Regulatory Commission Re- operations area is suggested as a guide,
gional Office listed in Appendix D of For locations at which activities arePart 20 of this chapter. carried out under licenses issued under

other parts of this chapter, additionalN 60 74 Tests, space may be requested to accomodate
(a) DOE shall perform, or permit additional full time inspectors. The

the Commission to perform, such tests Office space that is provided shall be
as the Commission deems appropriate subject to the approval of the Direc-
or necessary for the administration of tor Office of Nuclear Material Safety
the regulations in this part. These and Safeguards. All furniture, supplies
may include tests of: and communication equipment will be

(1) Radioactive waste, furnished by the Commission.
(2) The geologic repository including (3) DOE shall afford any NRC resi-

its structures, systems, and compo- dent inspector assigned to that loca-
nents, tion, or other NRC inspectors identi-

(3) Radiation detection and monitor- fled by the Regional Administrator as
Ing instruments, and likely to inspect the facility, immedi-
(4) Other equipment and devices ate unfettered access, equivalent to

j used in connection with the receipt, access provided regular employees, fol-
handling, or storage of radioactive lowing proper identification and com-|

waste. pliance with applicable access control
(b) The tests required under this sec. measures for security, radiological pro-tion shall include a performance con- tection and personal safety,

firmation program carried out in ac-
cordance with Subpart F of this part. (48 FR 28222. June 21,1983, as amended at

52 FR 31612. Aug. 21,19871
0 60.75 Inspections.

(a) DOE shall allow the Commission Subpart E-Technical Criteria
to inspect the premises of the geologic
repository operations area and adja. Sovact: 48 FR 28122. June 21.1983. unless
cent areas to which DOE has rights of therwise noted.

a 60,101 Purpose and nature of findings.(b) DOE shall make available to the
i Commission for inspection, upon rea. (a)(1) Subput B of this part pre-

sonable notice, records kept by DOE scribes the standards for issuance of a
pertaining to activities under this part, license to receive and possess source,

(c)(1) DOE shall upon requests by special nuclear, or byproduct material
the Director, Office of Nuclear Materi- at a geologic repository operations
al Safety and Safeguards, provide area. In particular, i 60.41(c) requires
rent free office space for the exclusive a finding that the issuance of a license

use of the Commission inspection per. will not constitute an unreasonable
sonnel. Heat, air conditioning, light, risk to the health and safety of the
electrical outlets and Janitorial serv- public The purpose of this subpart is
ices shall be furnished by DOE, The to set out performance objectives and

office shall be convenient to and have site and design criteria which, if satis-
full access to the facility and shall pro- flad, will support such a finding of no

I vide the inspector both visual and unreasonable risk,

acoustic privacy. (2) While these performance objec-
(2) The space provided shall be ade- tives and criteria are generally stated

quate to accommodate a full time in- in unqualified terms, it is not existed
spector, a part time secretary and that complete assurance that they will
transient NRC personnel and will be be met can be presented. A reasonable
generally commensurate with other assurance, on the basis of the record

i
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before the Commission, that the ob- found in { 60.2, those definitions shall
jectives and criteria will be met is the prevall,
general standard that is required. For (a) The HLW /acility. NRC exercises
5 60.112, and other portions of this licensing and related regulatory au-

subpart that impose objectives and crl- thority over those facilities described
teria for repository performance over in section 202 (3) and (4) of the
long times into the future, there will Energy Reorganization Act of 1974.
inevitably be greater uncertainties. Any of these facilities is designated a
Proof of the future performance of en- HL W/acility.

gineered barrier systems and the geo. (b) The geologic repository oper-

logic setting over time periods of many ations area. (1) This part deals with

hundreds or many thousands of years the exercise of authority with respect

is not to be had in the ordinary sense to a particular class of HLW facility-
of the word. For such long term objec- namely a geologic repository ope r-

tives and criteria, what is required is ations area,

reasonable assurance, making allow. (2) A geologic repository operations
ance for the time period, hazards, and crea consists of those surface and sub-
uncertainties involved, that the out.

surf ace areas that are part of a geolog-

come will be in conformance with ic repository where radioactive waste
those objectives and criteria. Demon. handling activities are conducted. The
stration of compliance with such ob. underground structure, including

jectives and criteria will involve the openings and backfill materials, but
use of data from accelerated tests and

excluding shaf ts, boreholes, and their
seals, is designated the undergroundpredictive models that are supported
facility.by such measures as field and labora. (3) The exercise of Commission au-tory tests, monitoring data and natu. thority requires that the geologic re-ral analog studies. p sitory operations area be used for(b) Subpart B of this part also lists storage (which includes disposal) of

findings that must be made in support high level radtocctive toastes (HLW).
of an authorization to construct a geo- (4) HLW includes irradiated reactorlogic repository operations area. In fuel as well as reprocessing wastes,
particular, ! 60.31(a) requires a finding However, if DOE proposes to use the
that there is reasonable assurance ge logic repository operations area for
that the types and amounts of radio- storage of radioactice toaste other

.

active materials described in the appli- than HLW, the storage of this radioac-
cation can be received, possessed, and wage is s@d M h uph
disposed of in a geologic repository op- ments f this part.

, Al-erations area of the design proposed (c) Area.s related to tsolation.without unreasonable risk to the though the activities subject to regula-
health and safety of the public. As tion under this part are those to be
stated in that paragraph, in arriving at carried out at the geologic repository
this determination, the Commission perations area, the licensing process
will consider whether the site and a so consMers daraMsh of ada-
design comply with the criteria con- cent aren that are defined in other
tained in this subpart' Once again ways, hm b W be an ama sunoW
while the criteria ma>' be written in ing the underground facility referred
unqualified terms, the demonstration to above, which is designated the con-
of compliance may take unce-tainties trolled area, within which DOE is to
and gaps in knowledge into e.ccount, exercise specified controls to prevent
provided that the Commission can adverse human actions following per-
make the specified finding of reasona- manent closure. The location of the
ble assurance as specified in para- controlled area is the site. The accessi-
graph (a) of this section, ble eneironment is the atmosphere,

land surf ace, surf ace water, oceans,
a 60.102 C.once pts, and the portion of the lithosphere

This section provides a functional that is outside the controlled area.
overview of Subpart E. In the event of There is an area, designated the geo-

any inconsistency with definitions logic setting, which includes the geo.
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| logic, hydrologic, and geochemical sys- setting works to control the release of
tems of the region in which a geologic radioactive material to the accessible
repository operations area is or may be environment. Isolation means inhibit.
located. The geologic repository oper- ing the transport of radioactive mate-
allons area plus the portion of the rial so that amounts and concentra-
geologic setting that provides isolation tions of the materials entering the ac-
of the radioactive waste make up the cessible environment will be kept
geologic repositorv. within prescribed limits.
(d) Stages in the licensing process.

There are several stages in the licens- PERFORMANCE OBJEC' RIVES
ing process. The site characterization
stage, though begun before submisslon 9 60.111 Performance of the geologic re-
of a license application, may result in pository operations area through per-
consequences requiring evaluation in manent closure,

the license review, The construction
(a) Protection against radiation e,r-stage would follow, af ter issuance of a nosures and releases of radioactiveconstruction authorization. A period material. The geologic repository op-of operations follows the issuance of a erations area shall be designed so thatlicense by the Commission. The period until permanent closure has been com-

of operations includes the time during
pleted, radiation exposures and radi.

which emplacement of wastes occurs; atton levels, and releases of radioactiveany subsequent period before perma-
materials to unrestricted areas, will atnent closure during which the em' all times be maintained within theplaced wastes are retrievabic| and per- limits specified in Part 20 of this chap-manent closure, which includes sealing ter and such generally applicable envi-of shaf ts. Permanent closure repre- ronmental standards for radioactivitysents the end of active human inter'

vention with respect to the engineered as may have been established by the

barrier system. Environmental Protection Agency.
sb) Retrievability of traste. (1) The
.

(e) Isolation of toaste. (1) During the
first several hundred years following ge kgic reposltory operations area

shall be designed to preserve thepermanent closure of a geologic repcst-
tory, when radiation and thermal cption of waste retrieval throughout

levels are high and the uncertainties the period during which wastes are

in assessing repository performance being emplaced and, thereaf ter, until

are large, special emphasis is placed the completion of a preformance con-
upon the ability to contain the wastes firmation program and Commission

by waste packages within an engi, review of the information obtained
neered barrier system. This is known from such a program. To satisfy this
as the containment period. The engi. objective, the geologic repository oper-
neered barrier system includes the ations area shall be designed so that

waste packages and the underground any or all of the emplaced waste could
facility. A toaste package is composed be retrieved on a reasonable schedule
of the waste form and any containers, starting at any time up to 50 years
shieldLng, packing, and absorbent ma. af ter waste emplacement operations
terials immediately surrout ding an in, are initiated, unless a different time

dividur.1 waste container. The under. period is approved or specified by the
gro und facility means the under. Commission. This different time
ground structure, including openings period may be established on a case-

and backfill materials, but excluding, by case basis consistent with the em-
shaf ts, boreholes, and their seals. placement schedule and the planned

(2) Following the containment performance confirmation program,
period speclat emphasis is placed upon (2) This requirement shall not pre-
the ability to achieve isolation of the clude decisions by the Commission to
wastes by virtue of the characteristics allow backfilling part or all of, or per-
of the geologic repository. The engl. manent closure of, the geologic repost-
neered barrier system works to control tory operations area prior to the end
the release of radioactive material to of the peri d of design for retrievabi-i

the geologic setting and the geologic lity.

[
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(3) For purpores of this paragraph, a 5 60,113(b) provided, that such period
reasonable schedule for retrieval is shall be not less than 300 years nor

one that would permit retrieval in more than 1,000 years af ter perma-

about the same time as that devoted nent closure of the geologic repository;
to construction of the geologic repost- and
tory operations area and the emplace- (B) The release rate of any radionu-
ment of wastes. clide from the engineered barrier

system following the containment
N 60,112 Overall system performance ob- period shall not exceed one part in

jectn, e for the geologic repository after 100,000 per year of the inventory of
permanent closure. that radionuclide calculated to be

The geologic setting shall be selected present at 1,000 years following per-
and the engineered barrier system and manent closure, or such other fraction
the shaf ts, boreholes and their seals of the inventory as may be apprmfed
shall be designed to assure that re- or specified by the Comm%on; pro-

lenses of radioactive materials to the vided, that this requirement does not

accessible environment following per- apply to any radionuclide which is re-
manent closure conform to such gen- leased at a rate less than 0.1% of the
erally applicable environmental stand- calculated total release rate limit. The
ards for radioactivity as may have calculated total release rate limit shall
been established by the Environmen- be taken to be one part in 100,000 per

tal Protection Agency with respect to year of the inventory of radioactive

both anticipated processes and events waste, originally emplaced in the un-

and unanticipated processes and derground facility, that remains after

events. 1,000 years of radioactive decay.
(2) Geologic setting. The geologic re-

N 60.ll3 Performance of particular bar* pository shall be located so that pre-
riers after permanent closure- waste emplacement groundwater

(a) General pro visions-(1) Engi- travel time along the fastest path of

neered barrier system. (i) The engi- likely radionuclide travel from the dis-
neered barrier system shall be de. turbed zone to the accessible environ-
signed so that assuming anticipated ment shall be at least 1,000 years or

processes and events: ( A) Containment such other travel time as may be ap-

of HLW will be substantially complete proved or specified by the Commis-
during the period when radiation and sion,

thermal conditions in the engineered (b) On a case by case basis, the Com-
barrier system are dominated by fis- mission may approve or specify some
slon product decay; and (B) any re- other radionuclide release rate, de-

lease of radionuclides from the engi- signed containment period or pre-
neered barrier system shall be a gradu- waste emplacement groundwater
al process which results in small frac- travel time, provided that the overall
tional releases to the geologic setting system performance objective, as it re-
over ;ong times. For disposal in the lates to anticipated processes and

saturated zone, both the partial and events, is satisfied. Among the factors
complete filling with groundwater of that the Commission may take into ac-
available void spaces in the under. count are:
ground facliity shall be appropriately (1) Any generally applicable environ-
considered and analysed among the mental standard for radioactivity es-
anticipated processes and events in de- tablished by the Environmental Pro-
signing the engineered barrier system, tection Agency;

(ii) In satisfying the preceding re- (2) The age and nature of the waste,
quirement, the engineered barrier and the design of the underground fa-
system shall be designed, assuming an- cility, particularly as these factors
ticipated processes and events, so that: bear upon the time during which the

(A) Containment of HLW within the thermal pulse is dominated by the
waste packages will be substantially decay heat from the fission products;
complete for a period to be determined (3) The geochemical characteristics
by the Commission taking into ac- of the host rock, surrounding strata

count the factors specified in and groundwater; and
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- (4) Particular sources of uncertain * the engineered barriers system, the fa-
in predicting the performance of L. orable conditions present are suffi-
geologic repository. . lent to provide reasonable assurance
(c) Additional requirements may L 1at the performance objectives relat-

found to be necessary to satisfy the mg to isolation of the waste will be
overall system performance objective met.
as it relates to unanticipated processes (2).If any of the potentially adverse
and events, conditions specified in paragraph (c)

of this section is present, it may com-
LAND OWNERSHIP AND CONTROL promise the ability of the geologic re-

pository to meet the performance ob-5 60.121 Requirements for ownership and jectives relating to isolation of the
control of Interests in land,

waste. In order to show that a poten-
(a) Otonership of land (1) Both the tW,y adverse condition does not so

geologic repository operations area empromise the performance of the
and the controlled area shall be locat- geologic repository the following must
ed.in and on. lands that are either ac- be demonstrated:
quired lands under: the jurisdiction ' (i) The potentially adverse human
and control-of DOE, or lands perma- activity or natural condition has been
nently withdrawn and reserved for its adequately investigated, including the
use, extent to which the condition may be

(2) These lands shall be held free present and still be undetected taking
and clear of all encumbrances, if sig- into account the degree of resolution
nificant, such as: (i) Rights arising achieved by the investigations; and

.

under the general mining laws; (11) (ii) The effect of the potentially ad-
easements for right of way; and (iii) verse human activity or natural condi-
all other rights arising under lease, tion on the. site has been adequately
rights of entry, -deed, patent, mort- evaluated using analyses which are
gage, appropriation, prescription, or sensitive to - the potentially adversei

otherwise, human acth'ity or natural condition
(b) Additional controls. Appropriate and assumptions which are not likely

controls shall'be established outside of to underestimate its effect; and
, the controlled area. DOE shall exer- (111)(/ ) The potentially adverse
' - cise any jurisdiction and control over human acti'ity or natural condition is

surface and subsurface estates neces- shown by analysis pursuant to para-
sary to prevent adverse human actions graph (a)(2)(li) of this section not to
that could significantly reduce the affect significantly the ability of the
geologic repository's ability to achieve geologic repository to meet the per-
isolation. The rights of. DOE may take formance objectives relating to isola-
the form of appropriate possessory in. tion of the waste, or.
terests, 'servitudes, or withdrawals (B) The effect of the potentially ads
from location or patent under the gen. verse human activity or natural condi-
eral mining laws. tion is compensated by the presence of
(c) Water rights. (1) DOE shall also a combination of the favorable charac-

have obtained such water rights as teristics so that the performance ob-
.

may be needed to accomplish the pur- jectives relating to isolation of the
pose of the geologic repository oper- waste are met, or

(C) The potentially adverse humanations area. .

activity or natural condition can be -(2) Water rights are included in the
additional controls to be established remedied.
under paragraph (b) of this section. (b) Favorable conditions. (1) The

nature and rates of tectonic, hydrogeo-
;81TINo CRITERIA logic, geochemical, and geomorphic

processes (or any of such processes)
0 60,122 Siting criteria. operating within the geologic setting

(a)(1) A geologic setting shall exhibit during the Quaternary Period, when
an appropriate combination of the projected, would not affect or would
conditions specified in paragraph (b) favorably affect the ability of the geo-
of this section so that, together with logic repository to isolate the waste.
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(2) For disposal in the saturated host rock that would inhibit the down-
zone, hydrogeologic conditions that ward movement of water or divert
provide: downward moving water to a location

(i) A host rock with low horizontal beyond the limits of the underground
and vertical permeability;- facility;

(11) Downward or dominantly hori- (iv) A host rock that provides for
zontal hydraulic gradient in the host free drainage; or '

rock and immediately surrounding hy- (v) A climatic regime in which-the
drogeologic units; and average annual historic precipitation
(iii) Low vertical permeability and is a small percentage -of the average

low hydraulle gradient between the annual potential evapotranspiration.
host rock and the surrounding hydro- (c) Potentf ally adverse conditions.
geologic units. The following conditions are potential.

(3) Geochemical conditions that: ly adverse conditions if they are char.
(1) Promote precipitation or sorption acteristic of the controlled area or

- of radionuclides; may diect isolation within the con-
(!!) Inhibit the formation of particu- trolled area.

t

lates, colloids, and inorganic and or. (1) Potential for flooding of tan un-

ganic complexes that increase the mo- derground facility, whether resulting

! bility of radionuclides; or from the occupancy and modification

L (111) Inhibit the transport of radionu. of floodplains or from the failure of
clides- by particulates, colloids, and existing or planned man made surfaceI

L complexes. water impoundments.
I (4) Mineral assemblages that, when (2) Potential for foreseeable human

subjected to anticipated thermal load- activity to adversely affect the ground-
ing, will remain unaltered or alter to water flow system, such as groundwat-
mineral assemblages having equal or er withdrawal, extensive irrigation,
increased capacity to inhibit radionu- subsurface injection of fluids, under-
clide migration. ground pumped storage, military activ-
(5) Conditions that permit the em- ity or construction of large scale sur-

placement of waste at a minimum face water impoundments.
depth of 300 meters from the ground (3) Potential for natural phenomena
surface. (The ground surface shall be such as landslides, subsidence, or vol.

deemed to be the elevation of the canic activity of such a magnitude
-

lowest point on the surface above the that large scale surface water im- -

disturbed zone.) poundments could be created -that
-(6) A low population density within could change the regional groundwat-

the geologic setting and a controlled er flow system and thereby adversely
area that is remote from population affect the performance of the geologic
centers, repository.

(7)._ Pre waste emplacement ground- (4) Structural deformation, such as
water travel -time along the fastest uplif t, subsidence, folding, or faulting
path of likely radionuclide travel from that may adversely affect the regional
the disturbed zone to the accessible groundwater flow system.
environment that substantially ex. (5) Potential for changes in hydro-
ceeds 1,000 years. . logic conditions that would affect the
'(8) For disposal in the unsaturated migration of radionuclides to the ac.

. zone, hydrogeologic conditions that cessible environment, such as changes
provide- in hydraulic gradient, average intersti- *

(1)-Low moisture flux in the host tial velocity, storage coefficient, hy-

| rock and in the overlying and underly- draulic conductivity, natural recharge,
j ing hydrogeologic units; potentiometric levels, and discharge

(11) A water table sufficiently below points,
the underground facility such that (6) Potential for changes in hydro-

fully saturated voids contiguous with logic conditions resulting from reason-
the water table do not encounter the ably foreseeable climatic changes.
underground facility; (7) Groundwater conditions in the

- (111) A laterally extensive low perme- host rock, including chemical compost-
ability hydrogeologic unit above the Lion, high lonic strength or ranges of
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Eh.pH, that could increase the solubil- (21) Geomechanical properties that
ity or chemical reactivity of the engi- do not permit design of underground
neered barrier system, opening that will remain stable

(8) Geochemics! processes that through permanent closure,
would reduce sorption of radionu. (22) Potential for the water table to
clides. result in degradation of the rise suf ficiently so as to cause satura-
rock strength, or adversely affect the tion of an t iderground facihty located
performance of the engineered barrier in the unsaturated zone. 1

system. (23) Potential for existing or future
(9s Groundwater conditions in the perched water boches that may satu-

host rock that are not reducing. rate portions of the underground f acil.
(10) Evidence of dissolutioning such ity or provide a facter flow path from

as breccia pipes, dissolution cavities, or an underground facility locatad in the
brine pockets, unsaturated zone to the accensible en-

(11) Structural deformation such as vironment.
uplif t, subsidence, folding, and f ault- (24) Potential for the mov(ment of
ing during the Quaternary Period. radionuclides in a gaseous state
(12) Earthquakes which have oc. through ah filled pore space 3 of an

curred historically thet if they were to unsaturated geologic medium to the
be repeated could affect the site sig. accessible environment.
nificantly. (48 PR 28222. June 21,1983. t ' arnended at
(13) Indications, based on correla- 50 FR 29647, July 22.19851

tions of earthquakes with tectonic
processes and features, that either the DEstcN CRITERIA FoR THE GwtocIc
frequency of occurrence or magnitude RErosITony OPERATIONS AREA
of earthquakes may increase.
(14) More frequent occurrence of 4 60.130 Scope of design criteria for the

earthquakes or earthquakes of higher geologic repository operationn area,
magnitude than is typical of the area Sections 60.131 through 60.134 speci-
in which the geologic setting is locat- fy minimum criteria for the design of
ed. the geologic repository operations
(15) Evidence of igneous activity area. These design criteria are not in-

since the start of the Quaternary tended to be exhaustive, however.
Period. Omissions in il 60.131 through 60.134"

(16) Evidence of extreme erosion do not relieve DOE from any obliga-

f during the Quaternary Period. tion to provide such safety features in
(17) The presence of naturally occur- a specific facility needed to achieve

ring materials, whether identified or the performance objectives. Al; design +
undiscovered, within 1he site, in such bases must be consistent with the re-
form that: sults of site characterization activities.

(1) Economic extraction is currently
feasiole or potentially feasib;e during N 60,131 General design criteria for the
the fortseeable future; or geologic repository operations area.
(ii) Such materials have greata (a) Radiological protection. The geo-

gross value or not value than the aver- logic repository operations area shall
age for other areas of similar size that be designed to maintain radiation
are representative of and located doses, levels, and concentrations of ra-
within the geologic setting, dioactive material in air in retricted

(18) Evidence of subsurface mining areas within the limits specified in
for resources within the site. Part 20 of this chapter. Design shall

(19) Evidence of drilling for any pur. include:
pose within the site. (1) Means to limit concentrations of
(20) Rock or groundwater conditions radioactive material in air;

that would require complex engineer. (2) Means to limit the time required
int measures in the design and con- to perform work in the vicinity of ra-
struction of the mderground facility dioactive materials, including, as ap-
or in the seahr.g of boreholes and propriate, designing equipment for
shafts. ease of repair and replacement and
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providing adequate space for ease of (iv) The geologic repository oper.

operation; ations area shall be designed to in.
(3) Suitable shielding; clude means to protect systems, struc-

(4) Means to monitor and control tures, and components important to
the dispmal of radioactive contamina- safety against the adverse effects of
U 1; either the :peration or failure of the
sb> Means to control access to high fire suppression systems,

radtation areas or airborne radioactiv- (4) Emergency capability. (i) The
ity areas; and structures, systems, and components
(6) A radiation alarm system to warn important to safety shall be designed

of significant increases in radiation to maintain control of radioactive
levels, concentrations of radioactive waste and radioactive effluents, and
material in air, and of increased radio- permit prompt termination of oper-
activity released in effluents. The ations and evacuation of personnel
alarm system shall be designed with during an emergency.
provisions for calibration and for test- (ii) The geologic repository oper-
ing its operability, ations area shall be designed to in-
(b) Structures, systems, and compo- clude onsite it ilities and services that

nents important to safety-(1) Protec. ensure a safe and timely response to
tion opainst natural phenomena and emergency conditions and that facill-

environmental conditions. The struc- tale the use of available offsite serv-
tures, systems, and components impor- Ices (such as fire, police, medical and
tant to safety shall be designed so that ambulance service) that may aid in re-
natural phenomena and environmen. covery from emergencies.
tal conditions anticipated at the geo- (5) Utility services. (1) Each utility

logic repository operations area will service system that is important to
not interfere with necessary safety safety shall be designed so that essen-
functions, tial safety functions can be performed
(2) Protection cgainst dynamic ef- under both normal and accident condl-

fects of equipment failure and similar Lions.
events. The structures, systems, and (11) The utility services important to

components important to safety shall safety shall include redundant systems
be designed to withstand dynamic ef. to the extent necessary to maintain,
fects such as missile impacts, that with adequate capacity, the ability to

co# result from equipment failure, perform their safety functions.
and ~;nilar events and conditions that (iii) Provisions shall be made so that,

could lead to loss of their safety func- if there is a loss of the primary electric
tions, power source or circuit, reliable and
(3) Protection against fires and c.r- timely emergency power can be pro-

plosions. (1) The structures, systems, vided to instruments, utility service

and components important to safety systems, and operating systems, in-
shall be designed to perform their cluding alarm systems, important to
safety fuctions during and af ter credi- safety,
ble fires or explosions in the geologic (6) Inspection, testing, and mainte-

repository operations area. nance. The structures, systems, and
(ii) To the extent piacticable, the components important to safety shall

geologic repository operations area be designed to permit periodic inspec-
shall be designed to incorporate the tion, testing, and maintenance, as nec-
use of noncombustible and heat resist- essary, to ensure their continued func-
ant materials, tioning and readiness.
(iii) The geologic repository oper. (7) Criticality control. All systems

ations area shall be designed to in- for processing, transporting, handling,
clude explosion and fire detection storage, retrieval, emplacement, and
alarm systems and appropriate sup- isolation of radioactive waste shall be
pression systems with suf ficient capac- designed to ensure that a nuclear criti-

ity and capability to reduce the ad- cality accident is not possible unless at
verse effects of fires and explosions on least two unlikely, independent, and
structures, systems, and components concurrent or sequential changes have
important to safety. occurred in the conditions essential to
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nuclear criticality safety. Each system geologic repository operations aren
shall be designed for criticality safety shall be designed to allow safe han-

under normal and accident conditions. dling and storage of wastes at the geo.
The calculated effective multiplication logic repository operations area,
factor (k ,,) must be sufficiently below whether these wastes are on the sur-
unity to.show at least a 5% margin, face before emplacement or as a result

after allowance for the bias in the of retrieval from the underground fa-

method of calculation and the uncer- cility.
tainty in the experiments used to vall- (b) Surface facility t entilation. Sur-

date the method of calculation. f ace f acility ventilation systems sup-
(8) Instrumentation and control sys* porting waste transfer, inspection, de-

tems. The design shall include provi. contamination, processing, or packag-
stoits for instrumentation and control ing shall be designed to provide pro-
systems to monitor and control the be- tection against radiation exposures
havior of systems important to safety and offsite releases as provided in
over anticipated ranges for normal op- 6 60.111(a),
eration and for accident conditions. (c) Radiction control and monitor.(9) Compliance toith mining regula- ing-(1) Effluent control. The surf ace
tions. To the extent that DOE is not ic.cilities shall be designed to control
subject to the Feleral Mine Safety the release of radioactive materials in
and Health Act of 1"I'l, as to the con- effluent.s during normal operations so
struction and operation of the geologic as to meet the performance objectives
repository operations aren, the design of i 60111(a)of the geologic repository operations (2) b/ fluent monitoring. The efflu-
area shall nevertheless include such ent monitoring systems shall be de-provisions for worker protection as signed to measure the amount andmay be necessary to provide reasona- concentration of radionuclides in any
ble assurance that all structures, sys- effluent with sufficient Precision totems, and components important to determine whether releases conformsafety enn perform their intended to the design requirement for effluentfunctions. Any deviation from relevant control. The monitoring systems shalldesign requirements in 30 CFR, Chap- be designed to include alarms that can
ter I, Subchapters D, E, and N will
give rise to a rebuttable presumption be periodically tested.

(d) Waste treatment. Radioactivethat this requirement has not been
waste treatment facilities shall be de-met,

(10) Shaft conecyances used in ra, signed to process any radioactive

dioactive toaste handling. (1) Holsts wastes generated at the geologic repos-
important to safety shall be designed itory operations aren into a form sulta-
to preclude cage free fall. ble to permit safe disposal at the geo-

(11) Holsts important to safety shall logic repository operations area or to
be designed with a reliable cage loca. permit safe transportation and conver-

sion to a form suitable for disposal attion system.
(111) Loading and unlosding systems an alternative site in accordance with

for hoists important to safety shall be any regulations that are applicable,
designed with a reliable system of (e) Consideration of decommission-
interlocks that will fall safely upon ing. The surface facility shall be de-

malfunction. signed to f acilitate decontamination or
(iv) Holsts important to safety shall dismantlement to the same extent as

be designed to include two independ- would be required, under other parts

ent indicators to indicate when waste of this chapter, with respect to equiva-
packages are in place and ready for lent activities licensed thereunder,

0 60.133 Additional design criteria for the
9 60.132 Additional design criteria for sur- underground facility.

face facilities in the geologic repository (a) General criteria for the under-
Perations area, ground facility. (1) The orientation.

(a) Facilities for receipt and retriev- geometry, layout, and depth of the un-
al of toaste. Surface facilities in the derground f acility, and the design of
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any engineered barriers that are part geologic setting in meeting the per-
of the underground facility shall con. fortnance objectives for the period fol-

tribute to the containment and isola- lowing permanent closure.
tion of radionuclides. (1) Thermal loads. The underground

(2) The underground f acility shall be facility ohall be designed so that the
designed so that the effects of credible performance objectives will be met
disruptive events during the period of taking into account the predicted ther-
operations, such as flooding, fires and mal and thermomechanical response
explosions, will not spread through of the host rock, and surrounding
the f acility. strata, groundwater system.
(b) Flexibility of design. The under-

[48 FR 28222. June 21.1983. as amended atground facility shall be designed with 50 FR 29648. July 22,19851
sufficient flexibility to allow adjust-
ments where necessary to accommo- 4 60.134 Design of seals for shafts and
date specific site conditions identified boreholes,
through in situ monitoring, testing, or

(a) General design criterion. Seals
f r shaf ts and boreholes shall be de-(e eval of toaste. The under- signed so that following permanentground facility shall be designed to

permit retrieval of waste in accordance closure they do not become pathways
with the performance objectives of that compromise the geologic repost-

tory,s ability to meet the performance
t 60'1. .

(d) bonf rol of teater and gas. The bjectives or the period following per-
manent closure.design of the underground facility

shall provide for control of water or (b) Selection of materials and place-
gas intrusion, ment methods. Materials and place-

ment methods for seals shall be select-(e) Underground openings. (1) Open-
ings in the underground facility shall ed to reduce, to the extent practicable:

be designed so that operations can be (1) The potential for creating a prei-

carried out safely and the retrievabi, erential pathway for groundwater to

lity option maintained. contact the waste packages or
(2) For radionuclide migration(2) Openings in the underground fa.

cility shall be designed to reduce the through existing pathways.
potential for deleterious rock move- (48 FR 28222. June 21,1983. as amended at
ment or iracturing of overlying or sur- 50 FR 29648. July 22,19851
rounding rock.
(f) Rock excavation. The design of DEstcN CRITERI A FoR THE WASTE

the underground f acility shall incorpo. PACKAGE
rate excavation methods that will 0 60,135 Criteria f.or the waste packagelimit the potential for creating a pref.
erential pathway for groundwater to and its e mponents,
contact the waste packages or radionu. (a) High level tcaste package design
clide migration to the accessible envi- in generat (1) Packages for HLW shall
ronment, be designed so that the in situ chemi-
(g) Underground facility eentilation. cal, physical, and nuclear properties of

The ventilation system shall be de. the waste package and its interactions
signect to: with the emplacement environment do
(1) Control the transport of radioac- not compromise the function of the

tive particulates and gases within and waste packages or the performance of
releases from the underground facility the underground facility or the geo-
in accordance with the performance logic setting,
objectives of i 60,111(a), (2) The design shall include but not
(2) Assure continued function during be limited to consideration of the fol-

normal operations and under accident lowing factors: solubility, oxidation /
conditions; and reduction reactions, corrosion, hydrid-

(3) Separate the ventilation of exca- ing, gas generation, thermal effects,
vation and waste emplacement areas, mechanical strength, mechanical
(h) Engineered barrters. Engineered stress, radiolysis, radiation damage, ra-

barriers shall be designed to assist the dionuclide retardation, leaching, fire
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and explosion hazards, thermal loads, of other waste packages, adversely
and synergistic interactions. affect any structures, systems, or com-

(b) Specyic criteria for HLW pack- ponents important to safety, or com-
age design-(1) E.rplosive, pyrophoric, promise the ability of the under-
and chemically reactive materials. ground facility to contribute to waste
The waste package shall not contain isolation,

explosive or pyrophoric materials or (d) Design criteria for other rudioac-

chemically reactive materials in an tiec trastes. Design criteria for waste
amount that could compromise the types other than HLW will be ad-
ability of the underground facility to dressed on an individual basis if and
contribute to waste isolation or the when they are proposed for disposal in
ability of the geologic repository to a geologic repository,
satisfy the performance objectives.

(2) Free liquids. The waste package PEnroRMANCE CoNr!RMATIoM
shall not contain free liquids in an REQUIREMENTS
amount that could compromise the # 60,137 General requirements for per-
ability of the waste packages t formance confirmation'achieve the performance objectives re-
lating to containment of HLW (be- The geologic repository operations

cause of chemical interactions or for- area shall be designed so as to permit

mation of pressurized vapor) or result implementation of a performance con-
in spillage and spread of contamina- firmation program that meets the re-

tion in the event of waste package per- quirements of Subpart F of this part,
foration during the period through

'

permanent closure. Subpart F-Performance Confirmation
(3) Handling. Waste packages shall Program

be designed to maintain waste contain-
ment during transportation, emplace- Sounct: 48 FR 28228. June 21.1983, unless

ment, and retrieval, otherwise not.ed.
(4) Unique identyication. A label or

other means of identification shall be 9 60.140 General requirements,

provided for each waste package. The (a) The performance confirmation
identification shall not impair the in- nrogram shall provide data which indi-
tegrity of the waste package and shall cates, where practicable, whether:
be applied in such a way that the in- (1) Actual subsurface conditions en-
formation shall be legible at least to countered and changes in those condi-
the end of the period of retrievability. tions during construction and waste
Each waste package identification emplacement operations are within
shall be consistent with the waste the limits assumed in the licensing
package's permanent written records, review; and

(c) Waste form criteria for HLW. (2) Natural and engineered systems
High level radioactive waste that is and components required for repost-
emplaced in the underground facility tory operation, or which arc designed
shall be designed to meet ti.e follow- or assumed to operate as barriers af ter
ing criteria: permanent closure, are functioning as
(1) Solidyication. All such radioac- intended and anticipated.

tive wastes shall be in solid form and (b) The program shall have been
placed in sealed containers. started during site characterization

(2) Consolidation. Particulate waste and it will continue until permanent

forms shall be consolidated (for exam- closure.
ple, by incorporation into an encapsu- (c) The program shall include in situ
lating matrix) to limit the availability monitoring, laboratory and field test-
and generation of particulates. ing, and in situ experiments as may be

(3) Combustibles. All combustible ra- appropriate to accomplish the objec.
dioactive wastes shall be reduced to a tive as stated above,

noncombustible form unless it can be (d) The program shall be implement-
demonstrated that a fire involving the ed so that:
waste packages containing combusti- (1) It does not adversely affect the
bles will not compromise the integrity ability of the natural and engineered
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elements of the geologic repository to until permanent closure to ensure that

| meet the performance objectives. the performance of the natural and
(2) It provides baseline information engineering features are within design

and analysis of that information on limits.
those parameters and natural process-
es pertaining to the geologic setting N 60.142 Design tenting,
that may be changed by site chnrac- (n) During the early or developmen-
terization, construction, and oper- tal stages of construction, a program
att neti it es. i r in situ testing of such features as

and analyus changes borehole and shnf t seals, backfill, and
from the baseline condition of param- the thermal interaction effects of the
eters that could affect the perform- waste packages, backfill, rock, andnnce of a geologic repository. groundwater shall be conducted.
(4) It provides an established plan

for feedback and analysis of data, and (b) The testing shall be initiated as

implementation of approprinte action, early as is practicable.
(c) A backfill test section shall bc

#60.111 Confirmation of geotechnical and constructed to test the effectiveness of
design parameters, backfill placement and compaction

(a) During repository construction procedures against design require.

and operation, a continuing program ments before permanent backfill
of surveillance, measurement, testing, pincement is begun.
nnd geologic mapping shall be con. (d) Test sections shall be established
ducted to ensure that geotechnical to test the effectiveness of borehole
and design parameters are confirmed and shaf t seals before full scale oper-
and to ensure that appropriate action ation proceeds to seal boreholes and

is taken to inform the Commission of shafts,

changes needed in design to accommo-
date actual field conditions encoun. Il 60.143 Sionitoring and testing waste
tered. Packages.

(b) Subsurface conditions shall be (n) A program shall be established at
monitored and evaluated against the geologic repository operations aren
design assumptions, for monitoring the condition of the
(c) As a minimum, measurements waste packages. W nste packages

shall be made of rock deformations chosen for the program shall be repre-
and displacement, changes in rock sentative of those to be emplaced in
stress and strain, rate and location of the underground facility,
water inflow into subsurface areas, (b) Consistent with safe operation at
changes in groundwater conditions, the geologic repository operations
rock pore water pressures includir.g aren, the environment of the waste
those along fractures and joints, and

ackages selected for the waste pack-the thermal and thermomechanical re- age monitoring program shall be rep-sponse of the rock mass as a result of
resentative of the environment tndevelopment and operations of the

geologic repository, which the wastes are to be emplaced.
(d) These measurements and obser. (c) The waste package monitoring

vations shall oe compared with the program shall include laboratory ex-

original design bases and assumptions. periments which focus on the internal
If significant differences exist between condition of the waste packages. To

the measurements and observations the extent practical, the environnient

and the original design bases and as. experienced by the emplaced waste
sumptions, the need for modifications packages within the underground fa-

to the design or in construction meth. cility during the waste package moni-
ods shall be determined and these dif. toring program shall be duplicated in

ferences -and the recommended the laboratory experiments,

changes reported to the Commission. (d) The waste package monitoring
(e)In situ monitoring of the thermo- program shall continue as long as

mechanical response of the under- practical up to the time of permanent
ground facility shall be conducted closure.
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Subpart G-Quality Assurance in such operation. Supervisory person-
nel who direct operations that are im-'

I Sot:act: 48 FR 28228. June 21,1983. unless portant to safety must also be certified
otherwise noted. in such operations.

# 60.150 Scope. # 60.161 Training and certification pro.
As used in this part, " quality assur. gram.

,

ance" comprises all those planned and DOE shall establish a prortam for
systematic actions necessary to pro- training, proficiency testing, certifica-
vide adequate confidente that the geo- tion and requalification of operating
logic repository and its subsystems or and supervisory personnel,
components will perform satisfactorily
in service. Quality assurance includes # 60.162 Physical requirementa.
quality control, which comprises those The physical condition and the gen-
quality assurance actions related to eral health of personnel certified for
the physical characteristics of a mate- operations that are important to
rial, structure, component, or system safety shall not be such as might
which provide a means to control the cause operational errors that could en-
quality of the material, structure, danger the public health and safety.
component, or system to predeter. Any condition which might cause im-
mined requirements, paired judgment or motor coordina-

tion must be considered in the selec-# 60.151 Applicability, tion of personnel for activities that are
The quality assurance program ap- important to safety. These conditions

plies to all ;ystems, structures and need not categorically disqualify a
components important to safety, to person, so long as appropriate provi-
design and characterization of barriers sions are made to accommodate such
important to waste isolation and to ac- conditions.
tivities related theretco These activi-
ties include: site characterization, f a- Subpart I-Emergency Planningcility and equipment construction, fa- CW& %mMcility opemtion, performance confir-
mation, permanent closure, and decon-
tamination and dismantling of surface
facilities.

0 60.152 Implementation.
DOE shall implement a quality as.

surance program based on the criteria
of Appendix B of 10 CF'R Part 50 as
applic ble, and appropriately supple-
mente- by additional criteria as re-
quired by 6 60.151.

Subpart H-Training and Certifkation
of Personnel

Sounes: 48 FR 28229, June 21,1983, unless
otherwise noted.

0 60,160 General requirements.
Operations of systems and compo-

netits that have been identified as im-
portant to safety in the Safety Analy-
sis Report and in the license shall be
performed only by trained and certi-
fled personnel or by personnel under
the direct visual supervision of an indi-
vidual with training and certification
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10. FUPPLE ME N T ARYNO T E s

H. ABSTRACI Nouwe, mere elhts report deals with technical information that is considered essential f or oemonstra-
ting the ability of the high level radioactive waste package to provide "substantially complete containment"
of its contents (vitrified waste form or spent light-water reactor fuel) for a period of 300 to 1000 years in
a geological repository environment. The discussion is centered around technical considerations of the
repository environment, materials and fabrication processes for the waste package components, various degrada-
tion modes of the materials of construction of the waste packages, and inspection and monitoring of the waste
package during the preclosure and retrievahility period, which could begin up to 50 years af ter initiation of
waste emplacement. The emphasis in this report is on metallic materials. However, brief references have beer
made to other materials such as ceramics, yaDhite bonded ceramicametal systems, and other types of compos-
ites. The content of this report was presented to an external peer review panel of nine members at a workshop
held at the Center for Nuclear Waste Regulatory Analyses (CNWRA). Southwest Research Institute. San Antonio.
Texas. April 2 4. 1990. The recommendations of the peer review panel have been incorporated into this report.
There are two companion reports; the second report in the series provides the state-of-the-art techniques for
uncertainty evaluations. The methods provioid in that report can be used to quantify various types of
uncertainties. The third companion report, on the basis of the information provided in the first two reports,
develops recomendations for the resolution of the issue of "substantially complete containment" of high-level
radioactive waste within the waste package, as addressed in 10 CFR Part 60.
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