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ABSTRACT

“he goal of The U. 5. Departmant Of Lnergy‘s
\DOE) Yucca Mountain Site Characterization
Proyect (YMP) wast~. package program is to
zevelop, ccnfirm che effectiveness of, and
locument 3 aesign for 4 wasce package and
is3gciateq engineared bacrier aysten (EBS) far
spent nuclear fuel and solidified high-level
nuclear wasta (HLW) that msats the applicable
requlatory requiremants for a geoclogic
repoditozy. The Waacte Package Plan describes the
vaste package program and escahlishes the
technical approach againat which overall
progress can be measured. It Provides guidance
for exscution and describes the eassntial
slemanta af the program, including the
objectives, technical plan, and managemant
appgoacn. The plan covers the time period up vo
che supmission of a repoaitory license
applicaticn to the U.S. Nuclear Regulatory
Commission (NRC).

THTRODUCTION

The Huclear Waste Policy Act of 1982
Public Law $7-425, the NWPA) established a
natonal effort to de*elop a repositery for the
cermanent disposal of spant fusl and HLW. The
HWPA expiicitly recsugnizes tha need for
developmant <f a waata package program by
requiring a discussion of the “possible form or
sackaging~ for the HLW and spent fusi in botn
=he Site Charactarizaticn Plan and the DOE
5 ary’s re ation for site app 1l to
~he President. The NWPA doss nnt mandate
speciflc cojectives or function to either the
<3ste pacxage or EBS, though it providesa che
zefinit:sn 0% both terms.

The purpose of the YMP Waste Packag# FPlan
13 to descriZe the waste package program and to
astablish the technical approach againat which
sverall progress can be meusured. It provides
quidance for p ion and ibes the
e3aential elemsnts of tha program, inclyding the
obiectives, the vachnicsi plan, and the
management approach. The work described in this
plap covers the time pericd up to ths sukmigaion
of a repository license application to the NRC,
This pian will be revised a3 necessary to

accammadate changas in the Yucca Mountain Site
Characterization Project Office (Project Office)
or the Office of Civilian Ragioactive Waace
Management (OCRWM), and their plans and
procedures, The implementation of the WwWaste
Package Plan has bean delegated to tha Lawrence
Livermore National Laboratary (LINL). LLNL haa
respondability for detailed planning and
implemsntation of all waste package program
techinical acrivities,

OBJEC2IVES

Tha technical objective of =he MP waata
package program is to develop a wasce packige
and associated EBS that can meet zhese
regulatory requiremants in a way that compliance
with the resqularions can be demonscraced in a
repository licensing proceeding befores the NRC.
The NRC rule 10-CFR-60.113 mandates two specific
performance objectives for the waste package and
EBS after the closurge of the reposyrory, ana
divides the post-closurs period inte two tima
paciods, conventicnally refecred to as the
“centainment” and “concrolled-release" pericds.
The containment regquirement appliey primarily to
the waste packages, and the controlled-release
requiremsnt apgplies pranarily to the EBS:

Firat, Containment [10-CFR-60.113(a) (1)

(141 (A} ) :
. . . the &nhginesrcd barrier syscem

shall be designed, assuming anticipated
procasses and events, so thac:
Concainment of HL¥ wichin the wasce
packoges will be substantially complete
for a period to be decermined by the
Commiszion taking into accoumt the f.ctots
spacifled in 60.113(b)} provided, that such
paciod shall be not less than 300 yearxs
nor =ore chan 1,000 years after the
permanent closure of the repogitorxy.”

Second, Controliled Ralesae (10-CER~GO.113
ta) (1) 4Ly 18 ) :
N the engineezed barrier
aystca shall pe designed, assuning
anticipated processes apnd event3, 3o that:
. . The rolease rate ¢f any radionuclida



from the engineered barrier syscem
followang the containment period shall not
exceed one part in 100,000 per year of the
inventory of that radionuclide calculated
to be present at 1,000 years following
permanent closure, or such other fractioen
of the inventory as may be approved ¢f
specified by the Commassion: provided,
that this requirement does not apply to
any radionuclide which is released at a
rate of leas than 0.1% of the calculated
total release rate limit, The calculated
total release rate limit shall be taken to
be one part in 100,000 per year of the
invencory of radicactive waste, originally
emplaced in the underground facility, that
remains after },000 years of radioactive
decay."

Third, the requirements relating to poat-
closure performance of the total repository
system [10-CFR-60.112] place additional
requiremants on che design and performance of
the waste package and EBS as follows.

“The geologic setting and the
engineered barrier aystem and the Shafts,
borenoles and their seals shall be
Zasigned to assure that relieases of
radicactive materials to the accessible
environment following permanent closure
conform to such generally appllcable
astandards for radicactivity as may have
been established by the Environmental
Protection Agency with respect to both
anticipated processes and events and
unanticipated processes and events.”

A fourth requiremsnt is to perform a
“comparative evaluation of alternatives to the
majer design features that are important tc
waste isclation, with particular attention to
the alteznatives that wouid provide loager
radionuclide containment and isclation®™ {(10-CFR-
60.21(c) (1) (i) (D) ).

There are a numger of other requirements
~hat apply to the waste package and EBS prior to
the permanent closure of the repository. These
include radiological protectian (l0-CFR-6Q,111l
(a)), retrievability (10~CFR-60-111(b}], and
geologic repository operations area design
criteras {10~CFR-60.131}.

Tinally, 10-CCR=-60.135 sets farth specific
design criteria for cthe waste packaga and its
components that must be mat. These criceria
include constraints on the general performance
of the package, :its chemical reactivity, and
provisions for its handling and labaling, as
well as design criteria for the waste forms.

The quality cbjectives of the waste
package program are as specifjed in Subpart G of
the Code of Federal Regulations, Chapter 10,
Part 60 (10-CFR-60} requiring that ali
information relating ta the design, design
analysis, tesating, and per a of
the waste package and EBS that will form a basis
of the licenss application must be acquired or
developed undar an NQA-l quality assurance
program based on the criteria of Appendix B of

13-CFR-50 defined a» the Office of Clvilian
Radicaccive Waste Managemant (OCRWM) Quality
Rssurance Plan (QAP), To this end, all
participants in the YMP have developed or
adopted Quaiity Assurance Program Plana (QAPPS)
that reflect all requiremants of the OCRWM QAP.
In the case of the waste package and EBS work,
the requirements of the LLNL QAPP are being
implemented through a aystem of Quality
Procedurss {QPe). The QAPP and QPs are
supplemented oy a Software Quality Assurance
Plan (SQAP} that specifically addresses the
implementation of the requiremsnts of the QAPP
to computer software, The QAPP, QPs, and SQAP
governing the waste package and EBS program are
those developed and used by LLNL.

The schedule cobjectives include the major
nilestones from che OCRWM and Project Office
Repository Program elements for the period of
1990 through the repository license application
submission.. The design of the wastze package
and associated EBS will be developad iz three
phases, to be consistent with the OCRWM
milestones. These phases sre: (1)} pre-Advanced
Conceptual Lesign:; (2] Advenced Conceptual
Design (ACD):; and (3) License Application Design
{LAD) . During each phaas, designa will be
developed based on the requiremants and the
documented technical data (waste form
characteristics, near-fleld environment, and
container and EBS matarials properties).

Bacause the final design analyses of the waste
packags and associated EBS depend on informaticn
that will be obtained f£rom both surface-based
testing and the underground Exploratory Shaft
Facility (ESF), the milestones associated with
these aspects of the YMP are linkad to the
design of the waste package and EBS. A final
documentation package will be prepared as input
for the license application.

TECENICAL APPROACH

The technical plan used to develop an
acceptable waste package and engineered barrier
system (EBS) design will use a classical syscems
engineexing approach. This approach will
consist of the following sequance of steps:

a. Define waste package and EBS design
requirementcs.

b. Develop deaign options to meet
requiremants.

c. Evaluate design options.
d. Select preferred design option.

e. UOevelop and engineer the selactad
preferred design option.

£. Verify that design requirements have been
satisfied.

The ateps of the systems engineeacing
approach wilil be pursued in the manner
illustrated by the flow diagram in Figure 1
which shows that the waste package program
conaists of three phases: pre-advanced
conceptual design (pre-ACD), currently in



license application design (LAD). Activities
included in eachi of these pnases are identified
and graphically illustrated in Figure 1. These
activities can be subdivided into four
categocries; cesign, and environmantal, wasate
f2rm, and materials charactecistics. Each of
theses categories have activities that run
through each of the thrae phases. Also shown in
Figure 1 is the interface with performance
asseasment whose activities are covered in a
separate plan.

The fizst step of the waste package design
and devslopmant process is to defins and
document higher-~level non-concept-speclfic
requirements that the waate package must ..eet
(box 1, Figure l). Thess requirements will be
derived directly from the various NRC
zegulations, Next, the OCRWM adds additional
legislative, programmatic, and engineering
requirements and defines a top~ievel allocatian
of the generic and site-specific requiremants
among the major Subsystems that comprise the
Mined Geologic Disposal System (MGDS). Aficc
the development of the higher-level requirements
and the developmant of design concepts (box 4.,
Tigure 1}, concept-specific Waste Packags Design
Requirements (WPDR) documents will be prepared
and baselined to estzblish a common basis for
the wide variety of activities within the wasts
package program and for interface activities
extarnal to the waste package program that have
a need for such information. The allocation of
requirements to the waste package components
will also be defined and documented in the WPDR.
Theso initial allocations will be based on the
preliminary near-field environment
characteristics and the preliminary waste-form
characteristics which will be documented in the
Near-Field Environment Report (NEFR) and Waate
Farm Charactegiatics Report (WECR},
respectively.

Based on the best available data for =he
underground conditlons ac Yucca Mountain, the
near~field snvironment will be defined ana
documsnted (box 2, Figure l). This document
will be basslined and used with the requirements
to develop design options during the pre~ACD
phase. The environmental conditions of primary
concern that will be addreased in thls report
are: (a) hydrological (water flow and quantityl,
{p) geochemical (water quality), (c) thermal,
fa) radiation, and (e) mechanical loading
conditions asscciated with the near~field
environmental perturbationa caused from
excavation and construction activities, waate
emplacement, and cloaure cperations. Initial
characterization of the environment will be
conducted through field and laboratory tests,
model development, and znalyses. The
environmental characterization analyses will be
based on currently available laboratory tests
and documanted data available from all YMP
participants and other available sources in
addition to waate package program atudies
complated prior to the end of FY 90. Repository
hozizon samples will not be available from
either surface-based testing or from the ESF.
Therefore, the document will focus on general
tuff environments to provide data to bound the
environmental coaditionsa. As new data are
developed, they will be incarporated in the
document using approved changs control
procedures. Details of specific activities tpat
will be performad will be described in Study
Plans ang Scientific Investigation Plans.

The waste package plan assumes that
anticipated environmsntal conditions, as used in
10 CFR-60, will be defined during the ACD phase.
Prior to that tims, the near-field environwant
activlitias will establish evaluations of
bounding conditions of the expescted
environmental underground conditions present.
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Figure 1. Flow diagram of Waste Package Program.



The values of the parameters in the preliminary
documant will be selected to ainclude ths
sounaing values that quantify the near-field
envizonmenct. It is assumed that bounding values
:nclude the anticipaced conditions to be
Jeveloped 1z ACD, and they will te uvased in all
lesign and WP pecformance evaluations.

It is well urderatood that there is a
spatial variation of the environmental
carameters when considering the overall
zepository site. It i{s expected that the
acquigition of additicnal near-field aite
characterization data under more realistic
sgnditions in subsequent program phases after
pre~ACD will establish, for soms parameters,
narzover distributions and possibly shifts in
zhe mean distribution values, Wwhen chis occurs,
the pounding values may be reduced., Such a
shift could enable che designer to modify the
design £or less severe conditions, or to
dscument and take additional credit for greater
iesign margins.

During pre~ACD, zesources will be directed
=y the documentation of the waste form
If.acaCleristics that impact the design,
Zevelopment and evaluation of the waste package
and the engineered barrier syatem (box 3, Figure
1}. This preliminary Waste Form Characteristics
Report wiil te based on the best informacion
currently avaxlable. The WFCR will ensure
consistency within all of the various subsystem
slemgnts. Special emphasis will be placed on
the identificacion of characteristic parameters
that will be required by tha designers and
evaluators of rthe componenta of the waste
package and the EBS. Such characteristics
include the gquantities of various waste forms
and the ranges of waste form ages. decay heat
contents per unit mass or volume, the specific
radionuclide inventories per unit mass or
volume, the initial uranium-235 c¢arichmencs in
spant fuel, and differant types of PWR and BWR
spent fuel assemblies and associated physical
cperties. Additiomal characteristics are
zecquared for performance evaluations and
FerfOTMANCE AS3833MANTS.

There are &two primary types of waate
forms, i.e., spent nuclear fuel znd vitrifiea
high level nuclear waste {HLW)}. It is
recognized that there may be "othaz® radioactive
wastes that may be emplaced in the repository;
however. unless these materials are better
defined, no waste package program effort will be
expended toward projecting their charactaristics
uncil the ACD phase. Details of specific
actlvities chat will be performed on all waste
forms wiil be describad in Scientific
Investigation Plans.

The characteriatics used by the drsigners
and performanca evaluators must be reprassnta-
tiva of the total inventory of spent fuel and
HLW to be emplaced in the repository. The dis-
tribuctions of tha preliminary characteristics
will bs estimated in pre-ACD in 8 quantitative
form using the pesc information available. So
that tlhe represenctstiveness can be established,
bounding values will be established for
developing designs; subsegusnct in-depth

investigations and analyses in later design
phases will further rafine che daca ca becter
develop the diatribution® of the datas and to
establish more definitive bounding values.
These initial distribution estimates will
require significant refinementsa throughout all
phases of sesagn. Efforty will be focused on
the characteristics of the spent fuel and HLW
essencial to ths design and evaluaticn of the
wiste package and engineered harrier systems.
Special attention will be given to quanctifying
paranaters where there are near-term
applications.

Based on the higher~level requirements,
the WFCR, and the NFER, a series of waste
package design concepts will be developed and
documentad. The development of the design
concepts will include initial assessments of the
feasibility of appropriate container
manufacturing and closure processel, with
particular artention to aspects thac¢ may require
developmanc beyond existing industrial
practices. These design concepts will be used
as che basis for concept-specific waste package
design requiremeats (WPDR's) needed for detailed
engineering evaluacions during the ACD phase.

Criteria for selection of the container
anc¢ EBS msterials to be uled in the ACD will be
developed ana documanted (box 6 in Figure 1) .
These criteria will follow from the requitymants
in the WPDR's. The selection criteria translate
the functional requirements allocated to the
various waste package barrier components in the
WPDR into material propercies and performarce
attributes that can be Doth assessed and
quantified to compare candidite materials.

The selection of candidata container and
asugciated barrier materials (box 7 in Figure 1)
will be aczomplished by the application of che
selection criteria. Pfrior to the macerial
selection, supperting infurmation will be
gathered, including existing daca on materisl
parformance and on barrier fabricaction and
container closure procedures.

Laboratory testing of the proposed
container and associated EBS macerials (box 9 in
Figure 1) will continue to provide daza to
damgnatrata that the matarial psrxformance is
adequate and also to support the development of
pradictive failure models, Materials tests to
be parformed include agqueous cozrosion,
oxidation, localized corrosion (crevice or
pitting), biologically-ennanced corrosion,
environmencally assisted cracking (streas
corroaion cracking and hydrogen effects), full-
scale electrochenmical corrosion and stress
effects, and long-term phaasa transformacion
These tests will leasd to the development of
models used to preadict the raquired design
lifetine.

Engineering evaluations will be conducted
at the start of ACD of selected container and
associated EBS design concepts to establish
their ability to satisfy design requirsments and
material performance requiremants, based on the
reference sets of near-field environment and
waste form characteristics. h variety of



processes will te evaluated and the preferred
design concepts will be selected and documsnted
for further Qesign devesiopment.

During the early ACD phase, the initial
selaction process is expected to result in the
recommendacion of two or more alternative
designs for further development until the final
desiqgna can be selected. Prototype waste
packages will be designed, fabricated and
laboratory tested for esch alternative during
the second phase of ACD. Based on the
engineering evaluations of the design concepts,
prototype fabrication and testing, and input
from the in=-situ tests in the ESF, a final
selection will be made during LAD among the
wasts packsge dezign configurations for further
developmant. The selection will be based on (1)
the finai publiszhed WPDR, (2} the existing near-
field environment characterizations obtained
from both large repository-horizon block tests
and from limited underground ESF/EBS field-test
darta of waste package configuractions, {3)
existing waste form characterizacion data, and
(4) existing long-term cortainex and asscciated
barriec materials testing data. An inicial atep
5f the LAD phase is to review the design
tequlrenenc® and reconfirm that they are
satisfied by the design concepts develioped
duraing the ACD phase.

Following the selection of a single waste
package deslgn, that design will be fully
developed, evaluated, and documented. The
detailed design will focus on those aspects trat
will allow the final repository design to be
completed and the waste package and repository
performance evaluations to proceed. Onca chese
features have been devaloped, a design
configuration freezs will be placed on those
elemants.

During the LAD phass, the selected design
w#ill be documanted and verified for £

The third component of the verification
Process is the exacution of a performance
confirmatlon testing program. The confirmation
teating program i3 comprehensive and extends
over the oparational life of the repository
until closure. Confirmation teats prior o the
license application will include manufacture of
prototype components to verify the specified
processes for fabrication, assembly, and
inspection of the engineered waate pacxage
assemblies and some in-situ field tests
conatructed in the ESF as soon a3 that facility
is availsble. Data from these tests will be
utllized in the license application. After
trepository operations are initiated, in situ
monitoring of the perf of rep ative
emplaced wazte packages in designated tesat areas
of the facility will continue the performance
confirmation testing program.

CONCLUSION

The minimum pers requi.
in the regulations and DOE's EBS mission
objectives requires a complex integrated program
of activities which will continue for several
yeacs. The four categories of activities snown
in Figure 1 must provide feed-back between each
category and among other elements of the MGDS
program during all three phases leading to
license application. The Waste Package Plan
provides the basis upon which more detail plans
can be preparad by each implementing
organization involved during each of these
phases.

3 given

ACKNOWLEDGMENT

This paper was prepared by the Yucca
Hountain Site Characterization Project Office
and Participants as part of the Civilian
Radiocasctive Waste Managemant Program. Tha Yucew
Mountain Site Characterization Project is

«<ith all of the waste package design
Tequirements as specified in the WPDR. This
verification process consists of three separate,
but inter-related, activities that addraess: (1)
lesign verification, (2) performance assessmant,
and (3) confirmmation testing.

Verification of the design analysis by
qualified individuals who did not perform the
analysea will be supplementad by other methods
2s appropriate. These other verjification
mathods will include formal deaign reviaws,
independent Peer reviews, or verification tests,

Perfo a s will be ed
to verify those aspacts of the deaign
requiremants that are mandated by the
regulations for time periods beyond the scops of
conventional enginesring analyses, including
“suybatantially complete” containment for 300 to
1000 years and subsequent control of release of
radionuclides from the EBS for 10,060 years
following closure of the repository. Compliance
will be verified for the design-basis
anticipated processes and events. In addition,
a s of the o of unanticipated
processes and events will be provided as
required for the total-system assessmants.
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