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ABSTRACT

This report deals with technical information that is considered essential for demonstrating the ability
of the high-level mdioactive waste package w provide "substantially complete containment” of its contents
(vitrified waste form or spent light-water reactor fuel) for a period of 300 o 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 degradation
modes of the materials of construction of the waste packages, and inspection and monitoring of the waste
package during the preclosure and 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 o other materials such as ceramics, graphite, bonded ceramic-metal systems, and other
types of composites. The content of this report was presented 10 an external peer review panel of nine
members at & 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 o quantify various types of uncerwinties. 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 high-level radioactive waste within the waste package, as
addressed in 10 CFR Part 60.
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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 1o 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 foi cxtr2ordinary periods of time is being confronted in a scientifically defensible way for
the first time (n 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, o 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 (o as high as 80,000, depending on
the waste package and emplacement design. This 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 exainple, failures such as those experienced in the Alaska pipeline illustrate the nature of the
problems 1o be confronted in enginecred systems of a size equivalent 1o the repository [Refs. 1, 2]".

(3) Inaccessibility

In a closed repository that is not subject 1o 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.
Alfter the repository has been closed and sealed, the reasonahie 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.cndation in SECY-88-285 [Ref. 3], regarding clarification
of the regulatory requirement for "substantially complete coninment,” the NRC Division of High-Level
Waste Management Engincering 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 Statement 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 allernatives for clarification of the intent of the 10 CFR Part 60 requirement
were examined. Rulemaking was recommended as the appropriate alternative. This recommendation was
based on the perceived importance of having a clarification that would endure over the relatively long
time period of the repository licensing process and not be subject 1o change based on subsequent personal
interpretations. The policy options paper recommended the establishment of quantifiable criteria 1o clarify
the qualitative nature of the "substantially complee containment” requirement. In addition, it was
recommended that an sssessment 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.

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 10 the technical feasibility of rulemaking as a vehicle for clarification of the
intent of 10 CFR Part 60 on the question of "substantiaily complete containment.”

As a part of this work, the CNWRA has developed three background technical reports 10 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 10 present and describe the technical wpics 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 package.
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2. APPROACH TO REDUCING AMBIGUITY RELATED TO SUBSTANTIALLY COMPLETE
CONTAINMENT (8CO)

A part of the sysiematic analysis process is a grouping of 10 CFR Part 60 requirements into
individua! subject areas called Regulatory Requirements (RRs). The containment regulation is identified
as RR1002, entitled "Containment Performance after Permanent Closure.” [t includes all the text cited
in 10 CFR 60.113(a)(1Xi)A) and parts of 10 CFR Part 60 related to the waste package design. The
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
interrelationships. To evaluate each REOP, Technical Review Components (TRCs) were identified. The
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. CD! .
provide the L.awer 10 "how" one attempts 10 satisly the "whats™ expressed in the various TRGs. T
CDM involves an approach or a methodology based on technical arguments or reasons 0 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 fundamental investigation is required to develop an
understanding ¢ 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 10 be addressed in the assessment
of the degree of HLW containment or the establishment tha: HLW containment is satisfied within a waste
package in a geologic repository. In SECY-88-285, "Regulatory Strategy and Schedules for High-.evel
Waste Repository Program,” NRC listed "Further Amplification of the Meaning of the Phrase
‘Substantially Complete Containment’™ as a planned potential rulemaking,

A key factor related 1o 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 tectnical points discussed here will cover many of those needed to demonstrate that new quantitative
requirements in HLW regulations have been met, anc' that the new requirements will eliminate 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. These have been broadly grouped into four
categories for discussion; that is, environment, materials and fabrication, degradation processes, and
inspections and monitoring. Figure | shows the various technical topics that relaie 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 (0 one or more categories. The discussion of such topics has not been
repeated. [n this document, the topics are introduced and discussed without attempting to cover all
possible technical aspects related 1 each of them.
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Figure 1. Technical considerations for evaluating "substantially complete
containment” of high-level radioactive waste within the waste package.
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(1) Degradation Processes

Long-term exposure of materials in a repository could result in profound alierations in materials
during the service life. The presence of HLW inventory will lead 1o elevated temperatures and furnish
high levels of radiation. The host mecia for the repository can be the sources of oxygen, water, and other
species that can be sggressive in aliering 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 alier the stress state in waste package components.
Unusual seismic events could lead to high dynamic ioads. Radiation will change the environment and
create species with the potential for acceleraed degradation of the waste package components. [f
microbial species are present, they, 100, have poteatial for interactions with the waste package materials.
These interactions between the environment and the waste package components, including joints, seals and
welds, must be understood and considered when determining the service life of the waste package. The
internal environment of & container also may play a significant role in promoting failure from within,

(4) Inspections and Momtoring

Materials and product specifications for each component of the waste package are necessary to
ensure that materials of construction #nd intermediate and final praducts conform 0 appropriate quality
standards. Fabrication of various wasie package components require control through use of qualified
personnel and equipment, procedures, and in-process product examinations. Inspection critena are required
0 determine the accepuability of fabricated components for repository emplacement.  Finally, in-situ
monitonng should be considered for evaluating the performance of the waste package up 10 the time of
permanent closure.
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J.1.1 Geochemistry
Statement

Near-field geochemistry is likely to have a major influence on the degradatiy  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 (0 obtain data to support the design of the individual components. The results of such expeniments,
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 stecls, but may
be less deleterious 1o copper and copper-based alloys. On the other hand, sulfates, sulfites, other salfur
compounds, and nitric acid could be much more harmful to copper and copper-based alloys than to
stainless steels. The pH and redox potential of the environment affects corrosion rates and mechanisms.
Carbonate, sulfide, 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 mosi important for interpretation of
kinetically controlled dissolution and “recipitation 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 componenis of the engineered barrier sysiem, such as container- and dolly-support
plate, borehole liner, and borehole seal cap, could add further complexity 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 1 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 pressure, may affect the quantity and
composition of groundwater in contact with the containers.

10



lests must be conducted to cover the range of possible conditions 10

possible changes in water chemistry for different contact times, rock-lo-waler rati

rock chemistry. Development of models to accurately predict changes 1

reposilory are ais needed

Physical Sciences, Mathematics, and Res

Radicactive Waste Management, A St

al of Radioactive Wastes, National Acaden

"Geochemistry Research Planning |

Waste," Lawrence Berkeley Laboratory
7748, September 1983




3.1.2 Hydrology and Climatology
Jlaemenr!

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

( 'J',;\(r’!

Inadequate characierizavon of the existing hydrological conditions at the beginning of the repository
¥
"

peration and of the anticipated climatic and hydrologic cnanges could lead o inaccurate predictions
the ability of the waste package to provide containment for *he radionuclides

Basis

Hydrology affects transport rates, which, in turn, affect chemical reaction rates. The kinetics of
many chemical reactions that are likely to lead o degradation of the materials (metallic and nonmetallic)
depend cn temperature, pressure and amount, mobility, and chemical nature of water. The geological
environment is expected to be a fracturec norous medium with water vapor present in the [ractures during
the period wher the waste material is emanating significant heai. By virtue of the heat-pine effect, if
present ‘..qua\(ualcr 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-ficld 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 saturatiun 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
Consequenily, infiltration rates 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
reactiot 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 puenomena of flow and transport ncar the
waste package, particularly in conjunction with a heat pipe. The thermal and hydrogeologic ¢ haracienistics
of the overpack can either impede or enhance the flow of heat and/or liquid to or away from the waste
package during the period of time when the waste generates sufficient heat 10 cause @ heat pipe 1o occur

[n addition to changes in the amount of water vapor and liquid water present in the environment
near @ waste package, changes in water chemistry, temperature, and mobility can be expected 10 occur as
a result of hydrogeological and climatic changes. These variations in water chemistry, lemperature, and
mobility ¢a: also affect the nature of corrosion of a container in a repository setting. Some of these
variablss could change very little with time, while othess could change considerably due o major
climatological and/or kydrological shifts over the many hundreds to thousands of years of the waste
package life ia a geologic repository. Therefore, the ability to predict the degradation of the waste
package dur © 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
climatelogic/hydrologic realm. Effects of other repository-specific vanables such as the level of saturation
as it affects vaj or-phase circulation, and the resulting effects on the degradation of the container materials
need 1 be understood. If an initially unsaturated repository becomes saturated during the peniod when
the waste package is required to provide complete containment of the radionuclides, 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 ¢ the waste package degradation
kinetics or mechanisms in a repository

concern

The geology of the repository can influence var -ied o waste-package performa

W -

(1) the water flow paths and rates, (2) the exisience anc | ¢ -nof certain types ol microorganisms
and bacteria that could be detrimental o metal corrosicn, (3) co. tuction of heat generated through the

radioactive decay of the canister contents (spen’ fuel and vitrified waste), (4) the chemical nature of the
leached species as a result of radiation-induced phase transformation of minerals in the repository geology

and (5) the build-up of gas pressure due to low permeability of the rocks

[nadequate 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 1o the materials of construction of the waste package, and other effects that may lead
accelerated degradation of the waste package. Such efiects need 10 be identified and undersiood

Basis

The geology of a repository influences 1o & large extent what, how much, and for how long a
certain environment will exist around the container, and how it may change with ime. A deep geological
repository can in one simuplistic way be considered as a semi-closed system The input 1O this system, the
output from the sysiem, 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 exhibit favorable characiernistics that would
provide an additional level of barrier against the migration of radionuclides from the wasic package For
example, the desirability of emplacing waste in an unsaturated environment is high. Waste packages in
an unsaturated zone would not routinely be submerged in water, although high humidity in (he
surroundings might prevail. In e saturated repository, the flux of groundwater o and from the containers
will be influenced by the heat load imposed by the waste package on the host geology. Rapid heating ol
the host geology could lead to increased fracturing and/or incresse in fracture aperture, which would
change groundwater flux. Likewise, geochemical changes dependent nn time-of-contact of migrating
groundwater with the HLW packages would be influenced by chang._ in the groundwater flux

In the early stages of the repository, when wmperatures 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 suci. 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 tie 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 turn, could
increase the rate of chemical interactions between the surrounding liquid or vapor and waste packages




Transmission of hea: by convection and conduction from the waste package through an air gap to
the borebole is dependent on the flow and charactenstics of air around the waste package. [n addition to
convective air currents in the air gap, eir flow across the boundary of the borehole may occur as air flows
through the geologic setting due 10 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 circalation through @
"breathing” geologic setting. Such air transmission through the geologic setting would affect and be
affected by elevated temperatures and temperature gradients, due o the thermal load from the radioactive
wastes and by the vertical temperature and barometric gradients imposed on the land surface.

Heatinduced mineralogic change may cause dewatering of surrounding clays, which might
influznce the corrosion resistance of the waste-package components by changing the water volume in the
pore spaces and the water-vapor content of the surrounding gases tn the pore space. As a result of
lemperature 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 influence
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, absoluts wmperature, and
lemperature 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 10 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 influence the environment near the waste package. Certainly, the
porosity and the fracture density and interconnectivity of pores and fractures in the host rock will influence
the likelihood of certain interaction scenarios.

The effects of radiation upon the host geology may influence pore spacing, interconnectivity of
pores and/or fractures, changes in mineralization, and the type and rate of geaeration of radiolysis products
in the near-field. Radiolysis products could be influenced by the temperature of the waste package. The
radioactive clements 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 10 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 resuits 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
during the heatng phase after waste emplacement.
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The site-specific geology/waste-package material compatibility should be con<.gered in the selection
of materials for various components of the waste package, for exampie, copper 87.d copper-alloys are more
stable with basalt than with tuff/carbonate geology. Salt deposis would be plastic and would encapsulate
the container; therefore, the container should be able 1o withstand the lithostatic pressures that would be
generated. Certain rock types would generate more colloids than others as, for example, organic rich
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 affecied
boreholes, drifts, or seals. There might be additional detrimental effects on the corrosion of the waste
packages due to the release of chemical species that adversely alier the chemistry of the "in-situ” water,
if materials foreign to the local environment are introduced into the boreholes, shafts, or seais and
consequently migrate 1o the immediate vicinity of the containes; ¢.g., the use of cement 1o plug borcholes
or for sealing could allow elements that were catalytic or directv detrimental to corrc ion 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 Haze ds

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 th» 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 1o provide containment. Volcanism may also
increase the temperature of the repository and introduce new or alter existing fluids and gas chemistries,
which coula 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
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 boreholes. 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.



3.14.1 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

Volcanotectonics may affect indirectly the degradation modes/kinetics of waste-package maierials
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, icading to containers and linings being subjected to stresses
exceeding their design limits,

(2) increasing the repository temperature,
(4) introducing new or altering existing {luid 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’ emplacernent 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 it 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. Seismicity (e.g., earthquakes) are relatively short-term dynamic events. Volcanotectonics is
a longer-term quasi-static process.

Mechanical changes resulting from volcanotecionics 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 container material. Volcanic forces could
also cause a change in the temperature field near the waste package, and as a resu.l, change the base
conditions without directly damaging the waste package.

18



Hydrologic conditions in the rock mass may be altered as a result of volcanoectonics. Possible
changes include permeability, degree of saturation, groundwater table elevation, and flow gradients. There
could aiso be a change in fluid properties due to the introduction of more corrosive fluids or corrosion
products. These changes, individually or in combination, could result in important changes in the ocal
container environment.
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3142 Seismicity EjJects
Statement

Seismic events could be a contributing factor o 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
1o the failure of one or more components of the waste package, and/or (2) it may lead 10 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 eavironment from an
unsaturated to a saturated conditicn or vice versa. Inadequate characterization of mechanical and
hydrologic responses of a repository with respect 10 seismic activities could lead to inaccurate predictions
of the ability of the waste package 10 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
sile 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 1o waste containers from seismic events may involve one or more scenarios as follows.

1.
Shear offsets on discontinuities could be sufficient to cause wall rock and/or liner
deforiaation 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

Shaking could cause borehole spallation, roof falls, and/or wall rock ioosening 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
mass. [mmediate response involves groundwater changes atiending passage of ground wave, such as
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. [n 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 repasitory.
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3.1.5 Radiation and 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 un 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 reposiiory environment, the geologic setting, and the container material. The
interactions could possibly lead o 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 2lter the environment, resulting in rapid deterioration of the waste-package
components. Gamma radiation could lead to phase transformation of less soluble constituents of the rocks
or minerals o phases and minerals that are highly soluble in water. [n 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 ~orrosive compounds like hydrogen
peroxides, ammonia, ritrogen oxides, carbonic acid, nitric acid, and other chemicals that could have
deleterious effects on the container material. Gamma radiation could also alter the properties ol 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 al the time
of emplacement, but also changes in environment, geology, and hydrology with time.

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 2 repository environment. Techniques used to
simulate the long-term radiation effects, other than just increasing the dose rate, may have 1 be developed
and shown to be an appropriate surrogate for time.
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Another type of bacteria, Thiobacillus ferrooxidans, are known & oxidize sulfides 10 sulfates
producing sulfuric acid, which is very corrosive to copper and copper-based alloys. Thiobacillus
ferrooxidan may also oxidize other species in the water such as ferrous ions to ferric 1ons, 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 varieties of microbes exist, survive, and grow optimally under different type of
environments, the evaluation of effects of microbial activities on the container material degradation will
have 10 take into consideration the specific characteristics of the repository site
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3.1.7 Container Internals
Statement

The contents of the »raste container probably will react with the container. Therefore, the

f the waste package o provide containment for its content y be determined byt egradatior
applicable to the container inside rather than the outside sy €S

concern

Ihe HLW containers may contain speat fuel rods, assemblies, other fuel assermhly hard

vitrified waste (defense or civilian) enclosed in pour canisters, internal fixtures to support the contents

and a gascous medium to protect the fuel cladding and UO, in failed fuel rods from deg: @tion. Some

of the contents may not be compatible with the container matenal, and under some adverse

of the HLW container may occur from inside

1:.L\£\
There may be several different types of matenials in the container, such as fuel rods fabncated (r
Zircaloy-2, Zircaloy-4, zirconium-niobium alloys, zirconium-lined Zircaloy-2, or stainless steels; [u

assembly hardware made of vanious grades of stainless steels, high-nickel and high-zuromiun ~tloys; pour
canisters of Type 3041 stainless sieel containing reprocessed waste, and container fixtures ‘vanous
materials). In addition, the fuel rods are expected to have a thick oxide layer from years of servi-e ir
power reactors and subsequent storage in spent fuel pits. The oxide may contain contaminants from Jhe
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 fail
emplacement of the HLW container in the repository or may be water-logged. The water-logged rods

atler
have the potential for releasing radioactive gases and corrosive chemical species from the UO, fusl pellets
Another adverse situation may anse 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

These 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 acceierating the degradation of other components of the waste package. Migration of the wasted metal
products to nearby containers could add additional complexity. Also, rapid detenoration of other unfailed
containers in the vicinity could occur because of the buildup of a more aggressive corrosion environment
This is an exampie of how a failed container (due to internal degradation) could compromise the ability

]

of other untailed containers 0 provide containment

from the

[herefore, it 18 necessary (o study the effects of (1) releas>s of gases, vapors, and liquids
hy ' 1

fuel rods and the vitritied waste pour canisters, and (£) other interaction products ol the internal contents

COHICTIR

S 1$4)

on the internal and external degradation modes of the HLW container. Again, similar o the extern
degradation modes, scientific understanding of the internal degradation modes of the container has o be

obtained and should be demonstrable for the purpose of making loag-term projections of the performance

i

[ the waste package, based on short-term laboratory test data
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32  Materiak and Fabrication

Specifications are needed to assure that properties and design ‘equirements for materials of
construction for the waste package and for intermediate and final proa. s s established by designers will
be met. The specifications serve as a link among the designer, the faoricator, and the inspector. They
are used 1o assure that 1) the properties and characteristics of the materials placed into service match those
shown 10 be needed for the application, and 2) appropriate quality control standards are used. Fabrication
of vanous waste package components requires quality control through the use of qualified equipment,
trained operators, approved fabrication procedures, in-prixess and final product examinations, and
venfication tests. Inspection criteria and reports are required to confirm the acceptability of the
components.



3.2.1 Quaiity 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 predetermin.d 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 prototypes 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 o the characteristics
of a material, structure, component, or system that provides a means to ensure conformance 1o
predetermined requirements. It is also a set of actions that is planned (o ensure that the processes through
which waste is .-ceived, 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 (0 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 o 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
Statement

Materials specifications define the properties and characteristics believed o be needed for acceptable
service life of components.

Concern

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

Basis

As components  being fabricated, appropriate materials specifications are required for the
procurement of materials. Specifications such as those given in the Aanual 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 inte 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
80 &s 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
specifications furnish guidelines for fabricators who must supply acceptable products. The specifications
also guide inspectors in their determinations of compliance with the requirements.

The properties and/or characteristics that are commonly specified and monitored for engineering
malerials can be broadly classified as chemical, physical, microstructural, and design-related. Examples
of properties that require specifications are the chemical composition of an alloy (including ranges for the
alloying elements and acceptable maximum limits of trace and impurity elements) and mechanical
properties, such as strength, ductility, etc. Characwenstics 0 be considered include level of residual
stresses, microstructure (including grain size, amount of col work, and morphology of impurity elements
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, ew.), 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. [n addition, a range of
permitted values is frequently needed to specify completely materials properiies and characteristics. In
many cases, local variabilities in the content of alioying elemeis are known to have significant effects
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on service behavior, but these variabilities are usually measured and assessed fo: their significance.
Metallurgica! remedies or countermeasures may be required to eliminaie or reduce any significant effects.
These assessments and remedies are, in part, responsible for the establishment of permitted composition
ranges {or each alloying eiement and maximum values for cenain impurity elements

For waste-package components, materiais 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 1o ensure compliance with specifications developed from all
available information.

Materials specifications can be written with a high degree of verifiable assurance that the
quality of the components actually produced maiches that required under applicable
specifications, as, for example, for items such as material identification, heat treatments,
adherence 1o established processing procedures, compliance with specified composition,
mechanical properties, and other acceptance criteria, as appropriate.

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

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 accommadation for
ail engineering uncertainties is consistent with the intent o furnish & conservative design.
Likewise, scientific uncertainties can be appropriately factored into calculations through the
use of bounding conditions that lead to conservative predictions.

Fitness of a component for wasie-package service can also involve assessments of the materials
characteristics that control long-term durability. As most existing specifications do not address these types
of assessments, they will have 1o 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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3.23 Matenals 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 reposiiory may be so large that the acceptable behavior, as demonstrated either for test
specimens or for a protwtypical component of a waste package, may not be representative of the actual
behavior.

Basis

To demonstrate that @ material is suitable for some aspect of repository service, it is important to
understand the characteristics of the material in relation 0 the requirements of that particular aspect of
repository service. The variability of the charactenstics, as measured by selected parameters, can be
significant. Materials with high variability may prove to oe unsuitable for production of a large number
of waste packages.

Service performance can be related to various characteristics. For example, the yiekd 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 & specified range may furnish a
thermodynamically stable alloy, etc. The values of the parameters used 10 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 whicn characteristics affect service behavior, and to know and to specify
the acceptable ranges for pectineat parumeters that can be related to expected service performance. For
example, in @ 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 characieristics 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 thai could lead o unexpected behavior in service are cited below:

(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 10 a standard specification, the chemical composition can vary from
heat (o 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 plaic may be significant.
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3.2.4 Fabrication Process Specifications
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 10 poor fabrication practices and result in large 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 s0, 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. [n 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 specificaiions can be the ASME Boiler and Pressure Vessel Code, Section [X,
"Welding." Although these specifications are not necessarily tailored to the needs of waste-package
components, they do contain many features needed to manage fabrication quality.

A specification for weiding, 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
9 Preheating, post-weld heat treating, and inferpass temperature control

4. Joint geometry
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3.2.5 Metal Stability

Most engineering materials of construction are alloys of two or more elements. These alloys can
undergo phase sepacation or transformations, resulting in a thermodynamically more stable multiphase
microstructure of resulting in a single-phase structure with second-phase particles or intermetallic
compounds. There is a concern that more stable phases, in some cases, may have undesirable o
unacceptable characteristics, e.g., lack of adequate ductility, high susceptibility 1o attack by oxygenated
waters or radiolytic products of repository gases, vapors, and liquids. [n addition, these phases may be
clectrochemically anodic to other phases in the microstructure and may lead to galvanic cell behavior and
galvatic corrosion on a microscopic scale.  The kinetics of these very slow transformations,
thermodynamic instability of the metallurgical phases, and we 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.
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8353 Weldmenits
Statemenlt

Regardless of how the HLW container is fabricated, it is very likely & have one or more joints and
closures. The properties of these joint or closures and their long-term behavior in a geOIOIC repositony

environment could be quite different from those ol the container buse metal

Concern

[ the degradation rates of the container losure and joints are higher than those for the hase meta
in a geologic repository environment, then the response of the closure or joints will become the

(B4

life-limiting criterion (rather than the degradation m« xdes applicable 1o the container bulk matenal
Basts

Many of the commonly used engineering materials, when welded, g through metallurgical phase

transformations that produce embrittling metaliurgical phases in joints, and this may lead to inleri
mechanical and/or corrosion properties. Proper choice of filler weld matenal welding technique, and/or
post-weld heat treatments can reduce the undesirable effects that are sometimes associated with weldments

but on¢ may have to accept some degradation of the matenals and account for it in the design

performance evaluation, and useful life determination 0. the degraded product

An example of a problem that has 10 be evaluated seriously in austenitic stainless steels is theur
susceptibility o develop a sensitized microsiructure when exposed in the 500 0 BOOC temperature range
Sensitization exposures can occur during .abncation and we!ding processes that may be used tor the waste
package components. The s asitized material exhibits much lower impact strength, and has a highert
susceptibility to intergranular Stress-Corrosion attack. Another example of thermal <tability concern, related
o welding, s in commonly used lernuc stainiess steels. Welding of these steels 1s considered 10 be a
problem because of coarse grains and the martensitic structure that develop in the weld and HAZ. Thest
changes lead to significant changes in the mec hanical properties of the welds

The above two examples relate o welding (thermal etfects) in steels; however, the problem ol
metellurgical phase stability in joints and closure welds 1s pervasive 10 all maienals and should be
addressed in the context of other important repository environmental conditions. Examples of these
conditions include the effects of garmma radiation emanating from the container the radiolysis products
formed from vadose vapor and liquids, due to the gamma radiation field, and the temperature in @ wasic

package

Mhe broader questions related to joints and closu.»s welds can be surnmanzed as follows: (1) are
the joints and closure welds suscepuible 10 any degradation modes in addition o those applicable 10 the
base metal: (ii) are the kinetics of degradation of joints and closure welds faster than those of the b
metal in a repository environment; and (i) can the waste package stll provide the required level
containment in spite of the difference in the behavior oL 1S bulk material and its joints and closure welds
including the HAZ?
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33 Degradation Processes

The behavior of 8 material depends upon the environment to which it is exposed. In man-made
environments, the response of a materiz] usually can be controlled and predicted quite sccurately by
keeping the environment within narrow well-defined bounds. An example is the LWR core environment
and the response of fuel cladding containing uranium dioxide pellets. However, in a geologic repository,
8 number of uncertainties could exis! about the environment. The 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 sealed. The
interactions between the changing repository environment and the wasie-package materials need o be
understood weil 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 W the components of a waste package in a geologic repository, Although the
discussion of the materials degradation mod=s provided in this report generally applies more 10 metallic
materials, it is recognized that noametadic ~aterizle and nonmetal/metal sysiems, such as ceramics
(oxid s, nitrides, carbides), cermets, compusites, boaded metal-ceramics, graphite, polymers, surface
modified ead/or amorphous metallic or vitrified materials, may be used for the canister and other
components of the wasie 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
inierface.
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33.2a Uniform Corrosion
Statement

Uniform (or general) corrosion is characterized by a chemical or electrochemical reaction that
proceeds uniformly over the entire exposed surface. This is the most common form of metwal wastage
phenomenon in aqueous enviroaments.

Concern

If corrosion "aliowance” 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 oo
simplistic a manner. For example, the designer may just increase the thickness of the container to ensure
that a complete loss of the wall wili not occur through aqueous corrosion during the containment period,
but may fail to consider additional concerns that may be a direct result of the use of corrosion "allowance”
materials.

Basis

Sometimes, designers erroncously believe that it is easier to design an engineering component, for
service in a corrosive environment, with a corrosion "allowancs” material, than with a corrosion "resisiant”
material. This is perhaps because corrosion "allowance” matenals degrade via a general or uniform
corrosion mode, rather than through a localized accelerated attack. The point is sometimes argued that
laboratory data for corrosion "aliowance” 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 location 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 significant impact on the surrounding environment than that resulting
from the use of corrosion "resistant” materials. Should the corrosion "allowance” material contain alloying
clements or impurities tha\ provide favorabie culture environments for microbes detrimental to the metal
corrosion resistance, ¢.g., sulfur and sulfur compounds, the microbial activities become increasingly
important,

Again, due to higher corrosion rates of corrosion "ellowance” 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 1s the higher volume of ¢i.izosion
products that will be generated, some of which may contain activated elements. These corrosion products
could migrate away from the canister, 1o the "accessible” environment, even when the waste package is
providing complete containment for its radioactive contents,
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33262 Pitting Corrosion
Statement

Most engineering materials show a form of localized attack, commonly referred o as pitting, under
some specific environment combined with specific surface conditions or alloy chemistry. The
charactenstics 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 1o repassivation, then
kinetics of pit growth may be an important factor in determining the container life in a repository.

Concern

Pitting of a material surface is somewhat random in the location of the attack and may or may not
occur on a particular metal sample. Localized pitting can be severe when uniform corrosion is minor, and
it may be erroneously accounted for by fa- ring 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 commonly 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. [n copper and copper-based alloys, corrosion pits tend to be shallow and have been
reported (o reach a small finite depth beyond which they do not grow. The kinetics of the nucleation and
growth of pits are expected W be related 1o 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
would be impossible The lack of understanding of the pitting phenomena will also reduce the ability o
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
the causes of pitting and the kinetics of the nucleation and growth of the pits. These corrosion kinetics
will have 1o be considered in the waste package design, if the goal of long term isolation of HLW in a
repository is 10 be achieved.
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33203 Crevice Corrosion
Statement

Crevice corrosion (sometimes r-Zarded as & special case of pitting corrosion) can occur near
crevices formed by either two metal surfaces or a metal and & nonmetal surface.

Concern

The sites for crevice corrosion on 8 HLW container may be unavoidable because of structural or
functional design and also may arise during the exposure period in a geologic repository, The likely
locations of large crevices include the container bottom-support plate interface (vertical emplacement
configuration), container wall-dolly contact surfaces (horizontal 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 accumulation 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
sealed geological reposivory. Therefore, if the matrial selected for a waste-package component is
susceptible 10 a higher crevice corrosion rate in a repository environment than the general corrosion rate,
ther the design and performance analyses have 10 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 corrasion are higher water
tem serature or a flow condition on the surface outside the crevice. Because of the nature of the waste
fonas, LW continers with spent fuel are expected 10 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
dvr.-¢ .0e 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-fucl waste forms.
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33.2b4 Stress Corrosion Cracking
slaiemeni

Stress Corrosion Cracking has been shown 10 occur i gaseous, vapor, and aqueous media
Merefore, modeling of the failure toechanisms 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 10 a
liquid phase in the repository

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 10 chemical and mechanical interactions between the male rial and its

environment
Basis

he 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 0 the film rupture anodic dissolution model, three alternative mechanisms for
ransgranular stress corrosion cracking of stainless sieels have been proposed hydrogen embrittiement
film-induced cleavage, and surface diffusion. These mechanisms do not alwvays 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 penod 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 corrosion cracking
resistance of candidate container materials in all three phases should be made, i.e., in gaseous, vapor, and
liquid phases. Additionally, episodic intrusion of water may occur, resulting in alternate wetting and
drying of the waste package, making it necessary to study the effects of such conditions

Bibliography

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

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

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

J. C. Scully, "Stress Corrosion Cracking," p. 103 in Treatise on Materials Science and
Technology, 23, Corrosion: Agueous Processes and Passive Films, Academic Press, London,
1083

F. P. Ford, "Stress Corrosion Cracking in [ron-Base Alloys," p. 235 in Treatise on Materials
Science and Technology 25, Embrittiement of Engineering Alloys, Academic Press, London
1983




E. N. Pugh, "Progress Towards Understanding the Stress Corrosion Problem,” Corrosion, 41,
p. 517, 1985

R. W. Stachle, ¢t al., (eds.), Stress C rrosion Cracking and Hydrogen Embrittiement of
lron-Base Alloys, Nationa! Association of Corrosion Engineers, Houston, Texas, 1977




33.2b5  Dealloying

Statement

In some alloys, dealloying or selective leaching of one component of the alloy can occur This
phenomenon generally leads 1o considerable 10ss in the mec hanica! strength of the component and, in
extreme cases, partial or complete loss of containment

LONCErn

The rate of dealloying attack can be quite rapid. Therefore, il water intrudes into the repository
substantial damage 10 the wasie-package components could occur in @ rather short time, when compared
with times for other likely modes of degradation. The dealloying mode of matenals degradation has

‘P ] .t | alug N
standard method [or evaluation

Basis

One mechanism for dealloying is the selective dissolution of one element, leaving behind a residua
mass of the other element. Another more commonly accepted mechanism invoives the simultaneous
dissolution of the principal alloying elements, followed by a subsequent redeposition or precipitation ol
ne alloying element (usually the major constituent), al favorable sites. (Some observers conclude that
hoth mechanisms could exist simultaneously, depending on various external influences Qtihers conclude
that sclective removal of one constituent may serve as a starting mechanism, creating favorable sites {or
the =ubsequent deposition of one of the elements after the alloy dissolves as an entity.) Although neither
mechanism appears 10 adequately explain all observations reported so far, no other truly different
explanation of dealloying exists

Some binary allovs of copper are prone to dealloying (selective leaching 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 10 provide containment

If alloys susceptible 1o dealloying mode of degradation are chosen for the waste-package
components, @ demonstration that dealloying phenomena wiil not lead 1o premature failure of the waste
package in & repository environment is required
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233 Hydrogen Embrittiement
Statement

Some materials. including many ferritic steels, are susceptible 10 embrittiement or damage as a
result of hydrogen ebsorption from various sources.

Concern

Insufficient understanding of the effects of hydrogen on the components of a wasie package could
lead to premature failures, due 10 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. The 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 alomic hydrogen generated by reduction of water due 10 aqueous corrosion of the metallic containers,
and by radiolysis of water or water vapor due to the gamma 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 meihane 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 levei), and (2) formation of methane,
which has an embrittling effect by decreasing the ductility. Hydrogen forms hydrides in metais like
titanium and zirconium, resulting in embrittiement.

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 information 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.
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334 Mechanical Effects

Statement

The time-dependent damage of componen's f a waste package may be brought about by the
presence of loads or strains imposed from sources within or outside of the wasie package

Concern

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

Basis

Alieration 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, eic. 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) hydrostatic pressure that would be expected 1o be applied t
@ 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. These 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. [t 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 1o 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 emperature, (2) volume change of vitrified HLW
caused by exposure 1o 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 +apid change in
lemperature resulting in constrained expansion and contraction. In the case of HLW containers, therma!
fatigue may Le caused by the evaporation of waier, 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 o assess. For
example, in short-lerm tests, creep may not take place in the presence of these stresses at moderately
clevated temperatures. However, the possibility of creep in HLW containers can not be eliminated over
an exiended 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 (~10%/s) to be a concern over the
repository lifetime. On the other hand, for AISI 316 stainless steel, no significant creep would be
expecied
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In & leaching barrier, one could conceive of, for example, vitrified HLW that is in the form of logs
or peilets; if this waste form could be coated with a material thai isolates the waste form from the
environment of the waste package, it could satisfy the containment requirement. In this example, the
process that limits the life of the barrier is leaching of this coating. This barner 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 10 survive the containment period. In addition,
it must not fracture, as this would expose radionuclides 10 the waste-package environment, and it must nol
degrade by any other mechanism, ¢.g., oxidation, spalling, etc., that would shorten its service life.

Transport and adsorption types of barriers must possess the property of low permeability for the
waste form. Clays and rock-like materials are representative examples of these two classes of barriers.
These barriers derive their ability to contain radionuclides frem 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 0 repository conditions does nol enhance
permeability by altering pore spacing, interconnectivity of pores, etc. In addition, it should be noted tha
the presence of this type of barrier, as a supplement to 8 metallic container, could have a detrimental effect
on the performance of the metallic container. For example, bentonite as a packing material in contact with
a metallic container may promote crevice corrosion.
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34 Inspections xnd Monltoring

Inspection criteria should be developed and reports should be used over the entire preclosure life-
cycle of a component of a waste package, to ensure and confirm that components meet design
requirements. Through in-situ measurements, these criteria and reports also serve 1o confirm that
environmental conditions and behavior in service are consisient with predictions from models and iests.

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 components should occur
in the production of waste packages and their components. As waste packages are being produced,
inspections should be used o 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 1o develop waste-package designs, so that any inconsistencies can be evaluated.
Inspections for the environment should be extended over a long period, starting at the tim: cf site
characterization. After emplacement, the role of inspections 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 expecied
behavior for these components throughoui actual service. The results of in-situ monitoring can be
supplemented by the results of the monitoring program to be conducted at the geoiomic 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 ir 10 CFR Part 60, indicate that there will be no openings 10 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 10 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
echniques are likely to be avail..le for moritoring.
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3 4.1 Inspections
Statement

Inspection, in this section, is limited to activities involving inspection ol the repository belore
B . b
emplacement, mmspection of the containers onsite, and inspection of the containers after emplacement
These inspeciions are needed to ensure !) that the observed repository conditions are similar 10 the
!
expected conditions o which designs are based, and 2) that the components are produced and emplace
4 in compliance with the design specifications

Concerns

1 !

If a proper system of inspections 18 not implemented, venf
compliance with the specifications and requiremenis cannot be assured

R 1 't r {
auon that the wastic package

Basis

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

Several inspections are suggested for establishment of service requirements and (o veni
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 10 the
performance of a waste package

[nspection of the waste-package sites to determine site uniformity, stability, suitabi
intended service, and any release of the radioactive inventory

Inspection of wasle-package components to ensure that (a) they were received, assemt
and emplaced properly, and (b) they are retnevable

Once the waste package is emplaced and the initial emplacement conditions are found to tx

acceptable through various inspections procedures, further evaluation of the waste-package performance
may be made by appropriate remole-monitoring techniques




342 InSitu Monitoring

Starement

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

Concern

Predictions based soiely on results of literature studies, out-of-repository tests, modeling, and expert
opinions may be unrealistic and nonconservative

[;AX\L‘

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 1o 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 supporied by validated test data that are used o 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 comnlex, with attendant uncertainties related 1o geological,
bacteriological, climatological, volcanciectonic, und hydrological changes that might take place over the
service life and beyond. Although it will be impossible 1o account for all possible effects that could
occur in a repository for the entire duration of the containment period, it would be -adent 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
10 the requirements for containment of the HLW. The containers are subject to retrievability for a period
beginning up 10 50 years afier 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 Packag ," Part 60,
Chapter [, Title 10, "Energy.” (Attached as Appendix B to this report.)




4. SUMMARY

An important requisite in the overall demonstration of compliance with 10 CFR 60.113 is the need
o demonstrate adequacy of assessments and predictions of the long-term performance of components of
HLW packages that are proposed for use within the engineered barrier system in permanent geologic
repositories. An additional requisite in a demonstration of compliance s that all technical considerations
supportng the assessments and predictions must have a sound scientific basis. Once built, a repository
is expecied 1o 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 penod of 300 to 1000 years. Thus, mechanistic understandings of the
physical and chemical processes involved in the alieration of components with time are important 10 a
successful wasie-package design

This report has attempted (o present, in a systematic and structured manner, the higher-order technical
considerations pertinent to evaluating waste-package containmem performance. These considerations
include technical aspects of the geological repository environment and the change in the environment over
long penads of time, materials for the waste-package components, waste-package materials/repository
environment interactions, materials and fubrication 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 crileria for "substantially complete 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
W indicate some of the types of tests and techniques that could be considered relevant to the HLW
package for a geologic repository.



APPENDIX A

TERMINOLOGY

ASMI Amer Society | l'esting and Materials

ASTM Amet NSO t Mechanical ngineers

BWR B g Waler Rea

CDM Comp Determination Method

CeRT onstant Extension Rate Test

CFR L O f Federal Regulations (United States

(.'\\r\ RA center for Nuclear Wasie ;(:!'\...« iy Analvses (Sw r“

DOE Department of Energy (United States

EBS Engineered Barmer System

EPA Eavironmental Protection Agency (United States)

GCMAW Gas Metal Arc Wel g
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REOP Regulatory Element of Proof
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SCC Stress Corrosion Cracking

SMAW shielded Metwl Arc Welding

) IR( [echnical Review Component
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alteration In the propertics } matena

alteration mechanism -- the fundamental chemica physical processes by which alterations occul

analog -- a natural material that is believed to be similar to # man-made materia The mposition a
history of environmental exposure of the anaiog are believed to be ciose enough so
observations of the analog can be use. o infer behavior of the man-made matenal

barrier -- any material or structure that prevents or substantially delays movement ol waler
radionuclides. [10 CFR 60.2
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mechanism -- the fundamental physical or chemical processes of sequence of processes involvea e or
responsible for an action, reaction, or othet natural phenomenon.

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

model -- (1) a mathematical representation of a process; (2) a system of postulaies, data, and inferences
presented as a mathematical description of an entity or state of affairs [Webster]; (3) a simplified
representation of a system or pheriomena, with any hypotheses required to describe the system or
explain the phenomenon, often mathematically (McGraw-Hill]; (4) a description or analogy used
10 help visualize something (as an atom) that cannot be directly observed [Webster|

performance confirmation - the program of tests, experiments, and analyses that is conducted 10
evaluate the accuracy and adequacy of the information used to determine, with reasonable
assurance. that the performance objectives for the period alter permanent closure wil be mes
(10 CFR 60 2}

permanent closure -- final backfilling of the underground facility and the sealing 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 disprsal. [i0 CFR 60.2]

trunsuranic -- syn. transuranium element, an element with atowic number greater than 92, and heace, an
element beyond uranium in the periodic table. [ASTM]

vadose - of, relating to, or being water or solutions in the earth’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
irnimediately surrourding an individual waste container. {10 CFR 60.2|
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AUTHORITY: Secs. 51, 53, 62, 63, 65, 81, 161

182, 183, 68 Stat. 929, 830, 932. 833, 835

953, 9564, as amended (42 U.8.C. 2071, 20

2092, 2093, 2095, 2111, 2201, 2232, 2233

secs. 202, 206, 88 Stat. 1244, 1246 (42 US.C

5842 5046); secs. 10 and 14, Pub. L. 95-60
8

92 Stat. 2951 (42 U.S.C. 2021a and 5851); se
102, Pub. L. 91-190, 83 Stat, 853 (42 U.8(
4332). secs. 114, 121, Pub. L. 97-42
2213. 2228, as amended (42 U .8 (
10141

For the purposes of sec. 223, €3
a8 amended (42 U.S.C. 2273), §
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950, as amended (42 U.8.C. 2201
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SOURCE: 46 FR 13980, Feb. 25, 1881, unles
otherwise noted

Subpart A—Genera! Provisions

§60.1 Purpose and scope

This part prescribes rules governing
the licensing of the U.S. Department
of Energy to receive and possess
source, special nuclear, and byproduct
material at a geologic repository oper
ations area sited, constructed, or oper
ated in accordance with the Nuclea:
Waste Policy Act of 1882. This part
does not apply to any activity licensed
under another part of this chapter

(81 FR 27162, July 30, 1986)

§60.2 Definitions

AS used In this part

Accessible environment'' means: (1
The atmosphere, (2) the land surface
surface water, (4) oceans, and (5

3
the portion of the lithosphere that

Laldh

outside the controlled area
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Affected Indian Trxbe means
Indian Tribe (1) withir

ans
Whnecse reserva

tion boundaries a r'f';‘u‘,:~.,1f;~!f\ for high
level radioactive waste or spent fuel 18
*

‘,'n‘;)u:,(‘d 1O be located, ot s W hos¢

Federally defined possessory or Usage
““y;e\:. to other lands outside of the

jon's boundaries

ratified treaties Ot
feral law may be substantiai
versel) afto cted by the locat
ing of such a facilit Provided
the Secretary of th»; Interior finds
upon the petition of the appropriate
g .‘.t‘.’tl!“é'ﬂtax officials of the
that such effects are bottl
Al ad\ erse to the Tribe
processes and events
08¢ natural processes and
events that are reasonably likely I«
occur during the period the intended
ricrmance objective nust be
wchieved, To the extent reasonable in
the light of the geologic record, it
shall be assumed that those processes
oOpera 'my in the geologic setling
during » Quaternary Period contin
om'rdte» but with the perturba
tions caused by the presence of em
placed radioactive waste supe rimposed
thereon
Barrier
structure

ly delays

‘!ﬂ?k&‘l:‘

—~

material or
substantial
water or ra

mearis any
that prevents or
movement ol
dionuclides

Candidate area’’ means a geologic
and hydrologic system within which a
geologic repository may be located

Commencement of construction
neans clearing of land, surface or sub
surface excavation, or other substan
tial action that would ac}u-z'sf-‘.‘. afiect
the environment of a site, but does not
include changes desirable for the tem
porary use of the land for public
characterization a
proco:xsn ruction moni

i v'\" \

recre
gite
oilt

other

ational uses
tivities

’ rin

ring and inves

establish

ction of environmental
or procurement or manula
ure of a‘('»:t‘.;)u(‘f"‘.'s of the
pository operatl ; Area

4 WO ,.,\,
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tory

DOE Departn

{ Energy or its duly authorized re
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means the

tH
Ll

wasile packages and the Wl
d faciiity

Crelogic repository Means
system which is Intended 10 De

or. or may be used {o1

joactive wastes in ex(

ic media. A

avated geoliOg

. z c 1 rotsAacit Are v
cliudes: (i repos y Op
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:(\.‘\A- {ie ﬂ L LA

thn re 0y tin ’ PPt i ¢

the EeOlogl SeLling Lhdl proviat 15

villl \Tals L 4 \U%
Nydaroiog ana geocnemili
ry £ e ’ ’ 1}
el v i ne reg Wil < A »
reg tory operations area is or may D¢
i aLed



§ 60.2 10 CFR Ck. | (1-1-90 Edition)

B

Groundwater | ' ! 8 aAsSsuran
which occurs
High-level radicacti
1) Irradiat CLo ocu ‘ ! mes
I ! n 0 at 21 ; { Washi

Delow

ll);" 8
Host

ponents

’
tures

Lthal

Lthis

envir

scrived
Perman

backflliing

and the sealil

Nnoies

Perfo

the prog

anailyse
ate




MNucieor Regulatory Commission

characterization should be undertak-
en.

"Unanticipated processes and
events'' means those processes and
events affecting the geologic setting
that are judged not to be reasonably
likely to occur during the period the
intended performance objective must
be achieved, but which are neverthe-
less sufficiently credibic to warrant
consideration. Unanticipated processes
and events may be either naturai proc-
esses or events or processes and events
initiated by human activities other
than those activities licensed under
this part. Processes and events initiat-
ed by human activities may only be
found to be sufficiently credible to
warrant consideration if it is assumed
that: (1) The monuments crovided for
by this part are sufficiently perma-
nent to serve their intended purpose;
(2) the value to future generations o’
potential resources within the site ca
be assessed adequately under the aj.-
plicable provisions of this part, (3) an
understanding of the nature of radic-
activity, and an appreciation of its
hazards, have veen retained in some
functioning institutions; (4) institu-
tions are able to assess risk and to take
remedial action at a level of social or-
ganization and technological compe-
tence equivalent to, or superior to,
that which was applied in initiating
the processes or events concerned; and
(5) relevant records are preserved, and
remain accessible, for several hundred
years after permanent closure,

“Underground facility’' means the
underground structure, including
openings and backfill materials, but
excluding shafts, boreholes, and their
seals.

“Unrestricted area’” means any area,
access to which is not controlled by
the licensee for purposes of protection
of individuals from exposure to radi-
ation and radioactive materials, and
any area used for residential quarters.

“Unsaturated zone' means the zone
between the land surface and the re-
gional water table. Generally, fluid
pressure in this zone {s less than at-
mospheric pressure, and some of the
voids may contain air or other gases at
atmospheric pressure. Beneath flood-
ed areas or in perched water bodies
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the fluid pressure locally may be
greater than atmospheric.

"“"Waste form'"means the radioactive
waste materials and any encapsulating
or stabilizing matrix,

“"Waste package'' means the waste
form and any containers, shielding,
packing and other absorbent materials
immediately surrounding an individus)
waste container.

“Water table'" means that surface in
a groundwater body at which the
water pressure is atinospheric,

(48 FR 28217, June 21, 1983, as amended at
50 FR 28647, July 22, 1885; §1 FR 27162,
July 30, 1988, 53 FR 43421, Oct. 27, 1088)

§60.3 License required.

(a) DOE shall not receive or possess
source, special nuclear, or byproduct
material at a geologic repository oper-
ations area except as authorized by a
license issued by the Commission pur-
suant to this part.

(b) DOE shall not commence con-
struction of a geologic repository oper-
ations area unless it has filed an appli-
cation with the Commission and has
obtained construction authorization as
provided in this part. Failure to
comply with this requirement shall be
grounds for denial of a license,

§6u4 Communications and records.

(a) Except where otherwise speci-
fied, all communications and reports
concerning the regulations in this part
and applications filed under them
should be addressed to the Director of
Nuclear Material Safety and Safe-
guards, U.S. Nuclear Regulatory Com-
mission, Washington, DC 20555. Com-
munications reports, and applications
may be delivered in person at the
Commission’s offices at 2120 L. Street
NW., Washington DC, or 11555 Rock-
ville Pike, Rockville, Maryland.

(b) Each record required by this part
must be legible throughout the reten-
tion period specified by #ach Commis-
sion regulation, The record may be the
original or a reproduced copy or a mi-
croform provided that the copy or mi-
croform is authenticated by author-
ized personnel and that the microform
is capable of producing a clear copy
throughout the required retention
period. The record may also be str red
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ated within 30 days =fter an alleged
violation occurs by filing a complaint
alleging the violation with the Depart-
ment of Labor, Employment Stand-
ards Administration, Wage and Hour
Division. The Department of Labor
may order reinstatement, back pay,
and compensatory damages.

(¢) A violation of paragraph (a) of
this section by a Commission licensee,
an applicant for a Commission license,
or a contractor or subcontractor of a
Commission licensee or applicant may
be grounds for:

(1) Denial, revocation, or suspension
of the license.

(2) Imposition of a civil penalty on
the licensee or applicant.

(3) Other enforcement action.

(d) Actions taken by an employer, or
others, which adversely affect an em-
ployee may be predicated upon nondis-
criminatory grounds. The prohibition
applies when the adverse action occurs
because the employee has engaged in
protected activities. An employee's en-
gagement in protected activities does
not automatically render him or her
immune from discharge or discipline
for legitimate reasons or from adverse
action dictated by nonprohibited con-
siderations.

(e) Each licensee and each applicant
shall post Form NRC-3, ‘“Notice to
Employees,"” on its premises, Posting
must be at locations sufficient to
permit employees protected by this
section to observe a copy on the way
to or from their place of work. Prem-
ises must be posted not later than 30
days after an application is docketed
and remain posted while the applica-
tion is pending before the Commis-
sion, during the term of the license,
and for 30 days following license ter-
mination.

Note: Copies of Form NRC-3 may be ob-
tained by writing to the Regional Adminis-
trator of Lthe appropriate U.8. Nuclear Reg-
ulatory Commission Regional Office listed
in Appendix D, Part 20 of this chapter.

{47 FR 30456, July 14, 1982, as amended at
52 FR 31612, Aug. 21, 1987)

§60.10 Completeness and accuracy of in.
formation.

(a) Information provided to the
Comimission by an applicant for a li-
cense or by a licensee or information
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required by statute or by the Commis-
sion's regulations, orders, or license
conditions to be maintained by the ap-
plicant or the licensee shall be com-
plete and accurate in all material re-
spects,

(b) Each applicant or licensee shall
notify the Commission of information
identified by the applicant or licensee
as having for the regulated activity a
significant implication for public
health and safety or common defense
and security. An applicant or licensee
violates this paragraph only if the ap-
plicant or licensee fails to notify the
Commission of information that the
applicant or licensee has identified as
having a significant implication for
public health and safety or common
defense and security. Notification
shall be provided to the Administrator
of the appropriate Regional Office
within two working days of identifying
the information. This requirement is
not applicable to information which is
already required to be provided to the
Commissicn by other reporting or up-
dating requirements.

(62 FR 49372, Dec. 31, 1687)

Subpart B--Licenses
PREAPPLICATION REVIEW

§60.15 Site characterization.

(a) Prior to submittal or an applica-
tion for a license to be issued under
this part DOE shall conduct a pro-
gram of site characterization with re-
spect to the site to be described in
such application,

(b) Unless the Commission deter-
mines with respect to the site de-
scribed in the application that it is not
necessary, site characterization shall
include a program of in situ explora-
tion and testing at the depths that
wastes would be emplaced.

(¢) The program of site charac »riza-
tion shall be conducted in accordance
with the following:

(1) Investigations to obtain the re-
quired information shall be conducted
in such a manner as to limit adverse
effects on the long-term performance
of the geologic repository to the
extent practical.
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§60.18 Review of site characterization ac-
tivities *

(a) The Director shall cause to be
published in the Feperat REGISTER &
notice that a site characterization plan
has been received from DOE and that
a staff review of such plan has begun.
The notice shali identify the area to
be characterized and the NRC staff
members to be consulted for further
information.

(b) The Director shall make a copy
of the site charactecization plan avail-
able at the Public Document Room
The Director shall also transmit copies
of the published notice of receipt to
the Governor and legislature of the
State in which the area to be charac-
terized is located and to the governing
body of any affected Indian Tribe.
The Director shall provide an opportu-
nity, with respect to any area to be
chargcterized, for the State in which
such area is located and for affected
Indian Tribes to present their views on
the site characterization plan and
their suggestions with respect to com-
ments thereon which may be made by
NRC. In addition, the Director sheall
make NRC staff available to consult
with States and affected Indian Tribes
as provided in Subpsart C of this part.

(¢) The Director shall review the site
characterization plan and prepare a
gite characterization analysis with re.
spect to such plan. In the preparation
of such site characterization analysis,
the Director may invite and consider
the views of interested persons on
DOE's site characterization plan and
may review and consider comments
made in connection with public hear-
ings held by DOE

(d) The Director shall provide to
DOE the site characterization analysis

2 In addition to the review of site charac
terization activities specified in this section
the Commission contemplates an ongoing
review of other Information on site investi
gation and site characterization, in order to
allow early identification of potential licens-
ing issues for timely resolution. This activi-
ty will include, for example, a review of the
environmental assessments prepared by
DOE at the time of site nomination., and

review of issues related 1o long lead time ex-
ploratory shalil pianning and procurem. ot
actions by DOE prior to issuance of site
characterization plans
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together with such additional com-
ments as may b~ warranted. These
comments shall include either a state-
ment that the Director has no objec-
tion to the DOE's site characterization
program, if such a statement is appro-
priate, or specific objections with re-
spect to DOE's program for character-
ization of the area concerned. In addi-
tion, the Director may make specific
recommendations pertinent to DOE's
site characterization program.

(e) If DOE's planned site character-
ization activities include onsite testing
with radioactive material, including
radioactive tracers, the Director's com-
ments shall include a determination
regarding whether or not the Commis-
sion concurs that the proposed use of
such radioactive material is necessary
to provide data for the preparation of
the environmental reports required by
law and for an application to be sub-
mitted under § 60.22 of this part.

(f) The Director shall publish in the
FEDERAL REGISTER & notice of availabil-
ity of the site characterization anayl-
sis and a request for public comment.
A reasonable period, not less than 90
days, shall be allowed for comment.
Copies of the site characterization
analysis and of the comments received
shall be made available at the Public
Document Room.

(g) During the conduct of site char-
acterization activities, DOE shall
report not less than once every six
months to the Commission on the
nature and extent of such activities
and the information that has been de-
veloped, and on the progress of waste
form and waste package research and
development. The semiannual reports
shall include the results of site charac:
terization studies, the identification of
new issues, plans for additional studies
to resolve new issues, elimination of
planned studies no longer necessary,
ident.fication of decision points
reached and modifications to sched-
ules where appropriate, DOE shall
also report its progress in developing
the design of a gcologic repository op-
erations area appropriate for the area
being characterized, noting when key
design parameters or features whizh
depend upon the results of site charac-
terization will be establistied. Other
topics related to site characterization
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shall also be covered if
the Director

(h) During the conduct of site char
acterization activities, NRC staff shall
be permitted to visit and inspect the
locations at which such activities are
carried out and to observe excavations
borings. and in £itu tests as they are
done

i} The Director may comment Aat
any time in writing to DOE, express
ing current views on any ;b;)w't of site
characterization. In particular, such
comments shall be made 'vk.' enever Lhe
Director, upon review of comments in
vited on tie site characterization a

review of DOE's semian

ermines that there

requested t

-~

YS8I§ Or upon

nual reports, det
are substantial new grounds for
making recommendations or stating

objections to DOKE's site characteriza
tion program. The Director shall
invite public comment on any com
ments which the Director makes to
DOE upon review of the DOE semian
nual reports or on any other com
ments which the Director makes
DOE on site characterization

j) The Director shall transmit
copies of the site characterization
analysis and all comments to DOE
made by the Director under this sec
tion to the Governor and legislature ol
the State in which the area to be char
acterized is located and to the govern
ing body of any affected Indian Tribe
When transmitting the site character
ization analyvsis under this paragrapn
the Director shall invite the address
ees to review and comment thereon
K) All correspondence
d the NRC under this
1ding the report
raph (g), shall be placed in the
ocument }(.UU“\

secLion
described in para
})4 i

(SR AN

i1

1) The acti

graphs (a) thi

onstitute nformal conference be
tween a prospective applicant and the
staff. as described in §2.101(a)(1) of
this chapter, and are not part of a pro

ding under the Atomic Energy Act
[ 1954, as amended. Accordingly. nel
ther the issuance of a site character
{zation analysis nor any other com
ments of the Director made under thi

section constitutes a commitment U

i s anvyv atl
ISSUe any au

any way affect the authority of the

between DOE

1orization or license or in
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Commission
Licensing

the Atomic Safety
Appeal Board Atomic
Safety nd Licensing Board other
presiding officers, or the Director, in

| proceeding

and

[LICENSE APFLICATIONS

§60.21 Content of application

An aptg atiotl ha 1sist of
general information and a Safety
Analys Repor A environmenta
mpact statement shall be prepared in

dance with the Nucieal

Policy Act of 1982

accor

and
shall accompany tl An
Hf“\ilu"a'd Data or National Securit
Information shall be separated f{rom
unc n(k-‘-n fied information

b) The general information shall in
clude

1) A general description of the
posed geologic repository
the location of the geologi«
operations area, the

pro-
identifying
repository
generail character
¢ proposed activities, and the
asis for the exercise of licensing au
hority bv the Commissior
Proposed scheduies .
tion, receipt of waste, and emplace
ment of proposed gec
iC repository operations area
(3) A certification that DOE will
nrovide at the geologic repository op
erations area such safeguarcds as it re
guires at col ;'x:'m,- surface facilities
(of DOE) to promote the common de
fense and se \"...'1[_\
(4) A description of the
u lan {or protec

sabotage

wastes at the

physical se
tion against radi
Since the radiatio
with  high

them innerentiy

OI0EICAlL
Nnazards associated
Wastes make

\ \
ievel

1inat
Uiial

ractive as a target (or theltl or diver
sion, no detailed information need be
submitted on protection against theft

5) A description of site characteriza

DOE

clucted 0§

at all sites considered in the applica
tion and, as appropriate, explanations
of why such work differed from the
.'mwz A;.‘ff'u:‘ of the site characterization

described in the Site Charad

ion Report for each site
If’ Salety Al Report shall







§ 60.21

(2) A description and discussion of
the design, both surface and subsur.
face, of the geologic repository oper-
ations area including: (i) the principal
design criteria and their relationship
to any general performance objectives
promulgated by the Commission, (1l
the design bases and the relation of
the design bases Lo principal
design criteria, (iil) information rela
tive to materials of construction (in
ciuding geologic media, general ar
rangement, and approximate dimen-
sions). and (iv) codes and standards
that DOE proposes to apply to the
design and construction of the geolog
ic repository operations area

(3) A description and analysis of the
design and performance requirements
for structures, systems, and compo
nents of the geologic repository which
are important to safety. This analysis
shall consider—(i) The margins of
safety under normal conditions and
under conditions that may result from
anticipated operational occurrences
including those of natural origin, and
(ii) the adequacy of structures, 8ys
tems., and components provided for
the prevention of accidents and miti
gation of the consequences of acc
dents. including those caused by natu
ral phenomena

(4) A description of the quality &s
surance program to be applied to the
structures, systems, and components
important to safety and to the engi
neered and natural barriers important
to waste isolation

(5 A description of the Kind
amount, and specifications of the ra
dioactive material proposed to be re
ceived and possessed at the geologic
repository operations area

(8) An identification and
tion for the selection of
bles. conditions, or otrer items which
are determined to be probable subject

of license specifications. Special atten

the

it Fioe
_' ustiiica

those varia

tion shall be given to those items that
may significantly influence the final

design
(7) A description of the program f
control and monitoring of radic '

)
effluents and occupational radiation
exposures to maintain such effluer
AL exXposure n ac yrdance witn tt
requirements of Part 20 of this
ter
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(8) A description o' the controls that
the applicant will apply to restrict
access and to regulate land use at the

site and adjacent

conceptual

ar2as, including a
design { monument

which would be used o identity the
controlled area after permanent

sure
(9) Plans for coping with radio

»
emergencies at any time prior to per
manent closure and qecontaminati
or dismantlement of surtace f(acilitie

(10) A description of the nuclear ma
terial control and accountir

iNng progran
11) A description of design consider
ations that are intended to facilitate

permanent

closure and de ntamina
©o !

tion or dismantiement rface |
clitties

12) A description of plans for re
trieval and alternate storage of the ra
dioactive wastes should the ge¢ '
repository prove to be unsuitable Ior

disposal of radioactive waste
(13) An identification and evalualtl

of the natural resources ol the

Bt ¥

» setting, including estimates as Lo 't
discovered deposits, the exploitatior
of which could affect the abllity oI the
geologic repository to isolate radioa
tive waste Undiscovered deposil '
resources characteristi f the area
shall be estimated by reasonat nf
ence based on geological and geog

cal evidence. This {
sources, including undiscoverda daeps
its, shall be conducte 3

. 3 1 B | t » a " » ’
for areas of similar size tnut are repre

sentative of and are within the

ic setting. For natural resources witn
current markets the resources snail D¢
assessed, with estimates pr {ed
both gross and net value. The estimat
of net value shall take 11 a
current developmen extraction and
marketing costs, For natural resource:
without current market but wt
would be marketable giver redib
projected change €
DCIOEL | factor (# I'eé t
be described by ph AR §1
as tonnage or ¥ L gra
and quality

14) An ident A { ¢
ture ern and \p l
EEeOIOE repo C 0 { [

) r{ace { l
a leveilopme [
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tém nponent mport A
safety and { the engineered and
Ural oarriers img ant to waste |
tion, DOE shsa 1€ a4 aQetalied de
% SCription of the progranmn 1esigned t
re e salet juestion ncliuding a
schedule indicating when these que
8 Ll LI De Te ived
15) The f wing information cor
- cerning act 1L1€ at tne ge 3% repos
ticnal str tuTe ¢
{ construction and
geolog! repository
- 3 rimntinr

ia

update the appl

’ \ r 4 -~ 1YY
L0F )N, anda Sutg
rORMAarta o

nial Impact

y, and serve the
tion and environme
ment (as it may

2 mented) as directec

\\'} ais( Serve one

the application and envi

) mpact statement on the
it ni afet and Licensi

maintie

the annlicatine Ar crinnlama
sStruc LE AP PLHICALION OF SUuppieme
"™ "AY Tt "y "nanrt atgr
y the environmental impa LLE
e srvad 1n #h a " e "
{ served ir Nne same manner
M ’ 1Yy an A -
alit 1Q T alilld 4
2l 1t 0o at " » Aatior
pian NLAMINALIO! als all
A0y yrfe far tip one ¢  {
mant Irrace raciiitie ne ¢ !
% am 11¢ ¥ =P : rnrAanriat ~ratinr neny t) "nr
i al S O LNe ge appropriate 10cation tical Vit M
LOK) Dosed ration
purp Ne area docu
active wa Witt men estat
$ s el frp } .
effect ! LS e ne 101
M avs ’ v +5 “oarat " f ¢ s ot M arA mwlnt oA " b s ¢ p
(la i} { (it ¥ A ) [ L€ tu ana updatead { e af
| tures, s\ ms 1 components impot plication are nvironmenta
, ' afat i +) saroM \ vy ¢ - by b y v o .
tar (O Sale an ne ¢ ineered and LM Pad stateme and an IPPlE
natural ¢t mportant t Wasle ments there naill ve made available
1
150184 [ (Ne same manner. An updated i
f ¢t} " wad 43 > St
y X < ICalil A L1 L
40 P 149 t . ) £ ied a s ) a Ire
4 F'l 282 e 2 ) { FT 2TF Lk e YL AL alill A b
g S v vy # 3 » 4 " y
. | {089 ments, sha e 1 1Iced at any put
hpa y b { ¥ 12T Malach y »
aring eiql ¢ Lt { X 1S
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1 45 amended, the
Atomic Energy Act
regulations of the
(‘unn(rx.‘xz‘ia:: may be
wnu::i to Lw substantially complete

r the purposes of this paragraph LI

¢ construction of (1) surface and
terconnecting structures Systems
| components, and (2) any under

ground storage space required for in
. ¢ tny 1) Talsd
tial operation are supstantially com

at

5 Area

n conformity with the applica

ymended, the provisions of the

Energy Act and the Energ)

Wzation Act, and the rules and
ft

gulations of the Commission

¢ repostiiory operat!

\cense w

" 7 N 7 ] s
on defensé

{ stitute an
] ) 1 ealth and
safety of the public, A DOE certifica

re

El

YOE facilities to promote the common
4

i that it will provide at the geologic
’

pository operations area such safle

wards as it requires at comparable

defense and security, will constitute a
ret able ' n-inimi
ality to t} and se
ITrity
d) All applicable reguirements of
Part 51 have been satisfied
g

8§ 60.42 Conditions of license

(a) A license issued pursuant
part shall include such condition ‘
cluding license specifications, as the
Commission finds to be necess:ry U
protect the health and safety oi the
public, the common defense and secu
rity, and environmental values

by Whether stated therein or not
the {ollowing :-I‘.ixll be deemed condi
tions in every license issued

1 The license 'I*Exi'x.,l be subject t
revocatior suspension, modificatior
or amendment for cause as provide
by the AtLO! Energy Act and thne
Commission’s regulations

‘ H YOE shall at any time whil
tt license is in effect, upon writter
reque of the Commissior supm
written statements to enable the Con
mission t letermine whether or not

¢ license should be modified i
pended or revoked
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3) The license s ubject to
151¢ . omic Energy
Act now or hereafter in effect and to
all rules rvgu'a ions, and orders of the
Commission. The terms and conditions
of the license shall be subject to
amendmert, revision, or modif.cation
by reason of amendments to or by
of rules, regul ;\'\mrn and orders
ned in accordance with the terms of
the :\mmw Energy Act

¢) Each license shall be deemed tc
contain the provisions set forth in Sec
tion 183 b-d, inclusive, of the Atomi
Energv Act, whether or not these pro
isions are expressly set forth in the li

reaso

n
vd

issued under this part
:\"f"‘“‘«" conditions derive
1alyses and evaiuations in-
application, including
nade before a license is

. ) . 1 | 5 1 . arsr
issued, together with such additional

conditions as the Commission finds ap
bh) License conditions shall include
items in the following
1) Restrictions as

and chemical form anc

- ardiaantive
co radioactive
oA TN
ICLIONS as {
- .t " i ot WAL W A triint ry
materials and methods of cons z\.n tion
p

waste permitted per unit olume ot
rage space considering the physical
characteristics of both the waste and
the host rock

4 }U\‘ l\rer relating to test
calibrati 0 yection t ASSUre
that the fv rego estrictions are oD

erved

5) Controls to be appiied to restrict
ed access and to avoid disturbance
the controlied area and to areas oul

the controlled area where condi
tions may affect isolation within the
controlled area

(. “‘ ‘).}:l‘,‘l
are organiza

[ , ures, res
”r;’.t»tvn;m,. review and audit, and re

A

porting necessa [ sure that activi
ties at vhe facilit re conducted in a
safe manner and in nformity witt
the other license specilications
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{46 FR 13980, Feb. 25 1981
48 FR 28221, June 21, 1983)

as amended at

§ 60.44 Changes, tests, and experiments.

(a)1) Following authorization to re-
ceive and possess source, special nucle-
ar, or byproduct material at a geologic
repository operations area, the DOE
may (1) make changes in the geologic
repository operations area as described
in the application, (ii) make changes
In the procedures as described in the
application, and (iil) conduct tests or
experiments not described in the ap-
plication, without prior Commission
approval, provided the change, test, or
experiment involves neither a change
in the license conditions incorporated
in the license nor an unreviewed
safety question

(2) A proposed change, test, or ex-
periment shall be deemed to involve
an unreviewed s«fety question if i)
the likelihood of occurrence or the
consequences of an acciaent or mal-
function of equipment impor.ant to
safety previously evaluaied in the ap
plication is increased, (il) the possibili-
ty of an accident or malfunction of a
different type than any previously
evaluated (n the application is created,
or (ill) the margin of safety as defined
in the basis for any license condition is
reduced.

(b) The DOE shall maintain records
of changes in the geologic repository
operations area and of changes in pro-
cedures made pursuant to this section,
to the extent that such changes con-
stitute changes in the geologic reposi-
tory operations area or procedures as
described In the application. Records
of tests and experiments carried out
pursuan. to paragraph (a) of this sec-
tion shall also be maintained. These
records shall include a written safety
evaluation which provides the basis
for the determination that the change,
test, or experiment does not involve an
unreviewed safety question. The DOE
shall prepare annually, or at such
shorter intervals as may be specified
in the license, a report containing a
brief description of such changes
tests, and experiments, including a
summary of the safety evaluation of
each., The DOE shall furnish the
report to the appropriate NRC Re
gional Office shown in Appendix D of

§ 60.46

Part 20 of this chapter with a copy to
the Director, Office of Nuclear Materi-
al Safety and Safeguards, U.S. Nuclear
Regulatory Commission, Washington,
D.C. 20555. Any report submitted pur-
suant to this paragraph shall be made
a part of the public record of the li-
censing proceedings

(46 FR 1398C. Feb. 25, 1981
52 FR 31612, Aug. 21, 1987)

£ 6045 Amendment of license.

(a) An application for amendment of
a license may be filed with the Com-
mission fully describing the changes
desired and following as far as applica-
ble the format prescribed for license
applications.

(b) In determining whether an
amendment of a license wil! pe ap-
proved, the Commission will e guided
by the considerations that govern the
issuance of the initial licer.se, to the
extent applicable.

§60.46 Particulni activities requiring li-
cense amondment,

(a) Unless expressly authorized in
the license, an amendment of the li-
cense shall be required with respect to
any of the following activities:

(1) Any action which would make
emplaced high-level radioactive waste
irretrievable or which would substan
tially increase the difficulty of retriev.
ing such emplaced waste

(2) Dismantling of structures

(3) Removal or reduction of controls
applied to restrict access to or avoid
disturbance of the controlled area and
to areas outside the controlled area
where conditions may affect isolation
within the controlled area

(4) Destruction or disposal of records
required to be maintained under the
provisions of this part.

(8) Any substantial change to the
design or operating procedures from
that specified in the license

(6) Permanent closure

(7) Any other activity involving an
unreviewed safety question.

(b) An application for such an
amendment shall be filed, and shall be
reviewed, in accordance with the pro-
visions of § 60.45

as amended at

(46 FR 13980, Feb. 25
48 FR 28221, June 21

1981, as
1983)

mandad at
amended a
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§ 60.64

(2) The proposed activities:

(i) Will enhance communications be-
tween NRC and the State or affected
Indian Tribe;

(i) Will make a productive and
timely contribution to the review; and

(iii) Are authorized by law.

(e) The Director will advise the
State or affected Indian Tribe wheth-
er its proposal has been accepted or
denied, and if all or any part of pro-
posal is denied, the Director shall
state the reason for the denial.

(f) Proposals submitted under this
section, and responses thereto, shall
be made available at the Public Docu-
ment Room.

§ 60.64 Notice to States,

1f the Governor and legislature of a
State have jointly designated on their
behalf a single person or entity to re-
ceive notice and information from the
Commission under this part, the Com-
mission will provide such notice and
information to the jointly designated
person or entity instead of the Gover-
nor and legislature separately.

§ 60.65 Representation,

Any person who acts under this sub-
part as a representative for a State (or
for the Governor or legislature there-
of) or for an affected Indian Tribe
shail include in the request or other
submission, or at the request of the
Commission, a statement of the basis
of his or her authority to act in such
representative capacity.

Subpart D—Records, Reports, Tests,
and Inspections

SoURCE: 48 FR 28222, June 21, 1983, unless
otherwise noted.

§60.71 Records and reports,

(a) DOE shall maintain such records
and make such reports in connection
with the licensed activity as may be re-
quired by the conditions of the license
or by rules, regulations, and orders of
the Commission as authorized by the
Atomic Energy Act and the Energy
Reorganization Act.

(b) Records of the receipt, handling,
and disposition of radioactive waste at
a geologic repository operations area
shall contain sufficient information to

89
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wvide a complete history of the
.aovement of the waste from the ship-
per through all phases of storage and
disposal. DOE shall retain these
records in a manner that ensures their
useability for future generations in ac-
cordance with § 60.51(a)(2).

(48 FR 28222 June 21, 1983, as amended at
53 FR 19251, May 27, 1988]

§60.72 Construction records.

(a) DOE shall maintain records of
construction of the geologic repository
operations area in a manner that en-
sures their useability for future gen-
erations in accordance with
§60.51(a)2).

(b) The records required under para-
graph (a) shall include at least the fol-
lowing:

(1) Surveys of the underground facil-
ity excavations, shafts, and boreholes
referenced to readily identifiable sur-
face features or monuments,

(2) A description of the materials en-
countered;

(3) Geologic maps and geologic cross
sections,

(4) Locations and amount of seep-
age,

(5) Details of equipment, methods,
progress, and sequence of work,

(8) Construction problems;

(7) Anomalous conditions encoun-
tered,

(8) Instrument locations, readings,
and analysis;

(9) Location and description of struc-
tural support systems,

(10) Location and description of
dewatering systems; and

(11) Details, methods of emplace-
ment, and location of seals used.

(48 FR 28222 June 21, 1983, as amended at
53 FR 19251, May 27, 1988)

86073 Reports of deficiencies.

DOE shall promptly notify the Com-
missior of each deficiency found in
the characteristics of the site, and
design and construction of the geolog-
ic repository operations area which,
were it to remain uncorrected, could:
(a) Be a substantial safety hazard, (b)
represent a significant deviation from
the design criteria and design bases
stated in the application, or (¢) repre-
sent a deviation from the conditions
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stated in the terms of a construction
authorization or the license, inciuding
license specifications, The notification
shall be in the form of a written
report, copies of which shall be sent to
the Director and to the appropriate
Nuclear Regulatory Commission Re-
gional Office listed in Appendix D of
Part 20 of this chapter.

§60.74 Tests,

(a) DOE shall perform, or permit
the Commission to perform, such tests
as the Commission deems appropriate
or necessary for the administration of
the regulations in this part. These
may include tests of:

(1) Radioactive waste,

(2) The geologic repositery including
its structures, systems, and compo-
nents,

(3) Radiation detection and monitor-
ing instruments, and

(4) Other equipment and devices
used in connection with the receipt,
handling, or storage of radioactive
waste,

(b) The tests required under this sec-
tion shall include a performance con-
firmation program carried out in ac-
cordance with Subpart F of this part.

§ 60.75 Inspections,

(a) DOE shall allow the Commission
to inspect the premises of the geologic
repository operations area and adja-
cent areas to which DOE has rights of
access,

(b) DOE shall make available to the
Commission for inspection, upon rea-
sonable notice, records kept by DOE
pertaining to activities under this part,

(e)1) DOE shall upon requests by
the Director, Office of Nuclear Materi-
al Safety and Safeguards, provide
rent-free office space for the exclusive
use of the Commission inspection per-
sonnel. Heat, air-conditioning, light,
electrical outlets and janitorial sery.
ices shall be furnished by DOE. The
office shall be convenient to and have
full access to the facility and shall pro-
vide the inspector both visual and
acoustic privacy.

(2) The space provided shall be ade-
quate to accommodate a full-time in-
spector, a part-time secretary and
transient NRC personnel and will be
generally commensurate with other

§ 60.10)

office facilities at the geologic reposi-
tory operations area. A space of 250
square feet elther within the geologic
repository operations area's office
complex or in an office trailer or other
onsite space at the geologic repository
operations area is suggested as & guide.
For locations at which activities are
carried out under licenses issued under
other parts of this chapter, additional
space may be requested to accomodate
additional full-time inspectors. The
Office space that is provided shall be
subject to the approval of the Direc-
tor Office of Nuclear Material Safety
and Safeguards. All furniture, supplies
and communication equipment will be
furnished by the Commission.

(3) DOE shall afford any NRC resi-
dent inspector assigned to theat loca-
tion, or other NRC inspectors identi-
fied by the Regional Administrator s
likely to inspect the facility, immedi-
ate unfettered access, equivalent to
access provided regular employees, fol-
lowing proper identification and com-
pliance with applicable access control
measures for security, radiological pro-
tection and personal safety,

(48 FR 28222 June 21, 1983, as amended at
52 FR 31612, Aug. 21, 1987)

Subpart E—Technical Criteria

Source: 48 FR 28122 June 21, 1983, unless
otherwise noted.

§60.101 Purpose and nature of findings.

(a) 1) Subpert B of this part pre-
scribes the standards for issuance of a
license to receive and possess source,
special nuclear, or byproduct material
at a geologic repository operations
area. In particular, § 60.41(¢c) requires
a finding that the issuance of a license
will not constitute an unreasonable
risk to the health and safety of the
public. The purpose of this subpart is
to set cut performance objectives and
site and design criteria which, if satis-
fiad, will support such a finding of no
unreasonable risk.

(2) While these performance objec.
tives and criteria are generally stated
in unquatified terms, it is not exy o ted
that complete assurance that they will
be met can be presented. A reasonabie
assurance, on the basis of the record

)
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(4) Particular sources of uncertain®
in predicting the performance of t
geologic repository.

(¢) Additional requirements may .
found to be necessary to satisfy the
overall system performance objective
as it relates to unanticipated processes
and events.

LAND OWNERSHIP AND CONTROL

§60.121 Requirements for ownership and
control of interesis in land.

(a) Qwnership of land. (1) Both the
geologic repository operations area
and the controlied area shall be locat-
ed in and on lands that are either ac-
quired lands under the jurisdiction
and control of DOE, or lands perma-
nently withdrawn and reserved for its
use,

(2) These lands shall be held free
and clear of all encumbrances, if sig-
nificant, such as: (1) Rights arising
under the general mining laws; (ii)
easements for right-of-way;, and i)
all other righis arising under lease,
rights of entry, deed, patent, mort-
gage, appropriation, prescription, or
otherwise,

(b) Additional controls. Appropriate
controls shall be established outside of
the controlled area. DOE shall exer-
cise any jurisdiction and control over
surface and subsurface estates neces-
sary to prevent adverse human actions
that could significantly reduce the
geologic repository’s abiiity to achieve
isolation. The rights of DOE may take
the form of appropriate possessory in-
terests, servitudes, or withdrawals
from iocation or patent under the gen-
eral mining laws.

(¢) Water rights. (1) DOE shall also
have obtained such water rights as
may be needed to accomplish the pur-
pose of the geologic repository oper-
ations area.

(2) Water rights are included in the
additional controls to be established
under paragraph (b) of this section.

S1TiNG CRITERIA

8 60.122 Siting criteria.

(a)(l) A geologic setting shall exhibit
an appropr.ate combination of the
conditions specified in paragraph (b)
of this section s0 that, together with

94
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the engineered barriers system, the fa-
‘orable conditions present are suffi-
ent to provide reasonable assurance
1at the performance objectives relat-
ing to isolation of the waste will be
met,

(2) If any of the potentially adverse
conditions specified in paragraph (c)
of this section is present, it may com-
promise the ability of the geologic re-
pository to meet the performance ob-
jectives relating to isolation of the
waste, In order to show that a poten-
tiz .y adverse condition does not so

mpromise the performance of the
geologic repository the following must
be demonstrated:

(i) The potentially adverse human
activity or natural condition has been
adequately investigated, including the
exten! to which the condition may be
present and still be undetected taking
into account the degree of resolution
achieved by the investigations; and

{il) The effect of the potentially ad-
verse human activity or natural condi-
tion on the site has been adequately
evaluated using analyses which are
sensitive to the potentially adverse
human activity or natural condition
and assumptions which are not likely
to underestimate its effect; and

(iiiX24) The potentially adverse
human activity or natural condition is
shown by analysis pursuant to para-
graph (a)(2)(ii) of this section not to
affect significantly the ability of the
geologic repository to meet the per-
formance objectives relating to isola-
tion of the waste, or

(B) The effect of the potentially ad-
verse human activity or natural condi-
tion is compensated by the presence of
a combination of the favorable charac-
teristics so that the performance ob-
jectives relating to isolation of the
waste are met, or

(C) The potentially adverse human
activity or natural condition can be
remedied.

(b) Favorable conditions. (1) The
nature and rates of tectonic, hydrogeo-
logic, geochemical, and geomorphic
processes (or any of such processes)
operating within the geologic setting
during the Quaternary Period, when
projected, would not affect or would
favorably affect the ability of the geo-
logic repository to isolate the waste,
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(2) For disposal in the saturated
zone, hydrogeologic conditions that
provide:

(i) A host rock with low horizontal
and vertical permeability,

(ii) Downward or dominantly hori-
zontal hydraulic gradient in the host
rock and immediately surrounding hy-
drogeologic units; and

(iily Low vertical permeability and
low hydraulic gradient between the
host rock and the surrounding hydro-
geologic units.

(3) Geochemical conditions that:

(1) Promote precipitation or sorption
of radionuclides,

(i{) Inhibit the formation of particu-
lates, colloids, and inorganic and or-
ganic complexes that increuase the mo-
bility of radionuclides; or

(ii1) Inhibit the transport of radionu-
clides by particulates, colloids, and
complexes.

(4) Mineral assemblages that, when
subjected to anticipated thermal load-
ing, will remain unaltered or alter to
mineral assemblages having equal or
increased capacity to inhibit radionu-
clide migration.

(5) Conditions that permit the em-
placement of waste at a minimum
depth of 300 meters from the ground
surface. (The ground surface shall be
deemed to be the elevation of the
lowest point on the surface above the
disturbed zone.)

(6) A low population density within
the geologic setting and a controlled
area that is remote from population
centers,

(7) Pre-waste-emplacement ground-
water travel time along the fastest
path of likely radionuclide travel from
the disturbed zone to the accessible
environment that substantially ex-
ceeds 1,000 years.

(8) For disposal in the unsaturated
zone, hydrogeologic conditions that
provide—

(1) Low moisture flux in the host
rock and in the overlyving and underly-
ing hydrogeologic units,

(if) A water table sufficiently below
the underground facility such that
fully saturated voids contiguous with
the water table do not encounter the
underground facility;

(iii) A laterally extensive low-perme-
ability hydrogeologic unit above the
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host rock that would inhibit the down-
ward movement of water or divert
downward moving water to a location
beyond the limits of the underground
facility;

(iv) A host rock that provides for
free drainage, or

(v) A climatic regime in which the
average annual historic precipitation
is & small percentage of the average
annual potential evapotranspiration.

(c) Potentially adverse conditions.
The following conditions are potential-
ly adverse conditions if they are char-
acteristic of the controlled area or
may oifect isolation within the con-
trolled area.

(1) Potential {or flooding of t..c un-
derground facility, whether resulting
from the occupancy and modification
of floodplains or from the failure of
existing or planned man-made surface
water impoundments.

(2) Potential for foreseeable human
activity to adversely affect the ground-
water flow system, such as groundwat-
er withdrawal, extensive irrigation,
subsurface injection of fluids, under-
ground pumped storage, military activ-
ity or construction of large scale sur-
face water impoundments.

(3) Potential for natural phenomena
such as lanaslides, subsidence, or vol-
canic activity of such a magnitude
that large-scale surface water im-
poundments could be created that
could change the regional groundwat-
er flow system and thereby adversely
affect the performance of the geologic
repository.

(4) Structural deformation, such as
uplift, subsidence, folding, or faulting
that may adversely affect the regional
grouadwater flow system.

(5 Potential for changes in hydro-
logic conditions that would affect the
migration of radionuclides to the ac-
cessible environment, such as changes
in hydraulic gradient, average intersti-
tial velocity, storage coefficient, hy-
draulic conductivity, natural recharge,
potentiometric levels, and discharge
points.

(6) Potential for changes in hydro-
logic conditions resulting from reason-
ably foreseeable climatic changes.

(7) Groundwater conditions in the
host rock, including chemical composi-
tion, high ionic strength or ranges of
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