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1.0 EXECUTIVE SUMMARY

The Basalt Waste Isolation Project (BWIP) Performance Assessment Plan
defines the approach ta analysis and use of the BWIP Performance
Assessment activities for all phases of the praject, The Performance

Assessment Plan describes activities related to analysis performed in
support of:

e Dalineatfon of system and subsystem performance requirements;
f.e., estabHshing a performance assessment baseline, and
allocating performance requirements for repository subsystems

¢ Preclosure sysiem analysts during construction, operation, and
decomnissioning "

] Posgclosure performance analysis of repository isolation poiea-
tial.

-The technical plan 1s divided 1nto three major sections, which address the

activittes in each of these subject areas. A section on the management of
Performance Assessment activities 4s included in the plan.

The description af Performance Asgsessment baseline activities and
performance requirements allocation $acludes: a discusiion of the
mathodology that will be used to establish g baseline using the repository
caonceptual dasign (KE/PB, 1982), &nd the procedure that will be used to
allocate system component performance requirements. System component
performance specifications will be devaloped from the component
performance requirements.

. The preclasure Performance Assessment activity addresses system
safety during construction, operation, retrieval, and decommissioning
(closure). Over the near term, the primary effort of this task will focus

on providing safety analysis support to repasitory design and contributing
to the Preliminary Safety Analysis Report (PSAR).

The Postelosure Performance Assessment effort will evaluate
repository performance to determine whether a repository sited at a given
location will perform adequately and in compliance with regulatory
¢criteria. The primary objective of Performance Assessment is to provide
reasonable assurance of the long-term isclation of nuclear wastes.

The dascription of the Performance Assessment management and
organization includes a discussion of the National Waste Terminal Storage
(KWTS) Program interface and its relationship to the BWIP. A discussion
of tha pear review process, a presentation of the present Performance
Assessment schedule and milestones, and the interrelationship of
Performance Assessment activities to the balance of the BWIP technical
effort is also included.
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[t is recognized that the Performance Assessment Plan is a Yiving
document and will be revised periodically in respanse to management and
technical needs. When Jeemed appropriate, the document will be updated
and refssued. The plan is consistent with the presently mandated schedule

for the disposal of high-level radfcactive waste, transuranic waste, and
spent nuclear fuel.

11
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2.0 INTRODUCTION

2.1 PURPQOSE OF DOCUMENT

The Performance Assessment Plan has been prepared to establ’ 2
framework for the purpose of conducting performance assessment a 15es
for the BWIP. The scope of the Performance Assessment Plan encom  ‘S€s
analyses pertaining to both preclosure and postclosure activitie @ to
system component performance requirements. Preclosure performam
assessment analyses focus on standard radiological and industria . .fety
{ssues associated with operating & repository. Postclosure performance
assessment analyses focus on the containment and isolation of nuclear
wastes emplaced in a mined geologic repository in basalt. Performance
requirements allocation ana?yses provide a basis for assigning performance
requirements and the development of performance specifications.

2.2 OVERVIEW AND OBJECTIVES

In February 1976, the U.S. Energy Research and Development
pdninistration, curreatly the U.S. Department of Energy (OOE), expanded
jte commercial radioactive waste-management programs and established the
NWTS Program. The NWTS mission way dafined to provide multiple repositary
facil’ “ies in various deep geologic formations within the United States
for the terminal storage of nuclear waste. The scope of the program
includes development of techndlogy recessary for designing, 1icensing
constructing, operatin?, and decomissioning a repository, énd ident
a number of geclogic sites suitable for location of radigactive waste
terminal storage repositories, The Columbfa River basalts beneath.the
Hanford Site were among those geologies selected for jnitial study and
characterization. The Nuclear Waste Palicy Act of 1982 formalizes an
overall schedule for the NWTS Program.

fying

radioactive wastes in these formations. If feasibility is shown, 00E may
proceed with the detailed design, construction, and operatian of such a
facility in these basalts.

The BWIP work is organized into major elements of work consistent
with the NWTS Program work breakdown structure. Nine Tasks are included
in the work breakdown structure for all NWTS projects. The BMIP nas
broken down these Tasks into end functions that comprise the major
elements through which the BWIP is managed.

The BHIP activities within the work breakdown structure are directed
toward developing the necessary information to:

o Ascertain the viability of using the basalts beneith the Hanford
Site as a nuclear waste repository (Site End Function
responsibility) .
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¢ Develop waste package designs that ensure waste packages
emplaced in & repository in basalt meet proposed regulatery
criteria (Waste Package End Function responsibility)

¢ Develop the technology and design for constructing, operating,
and decommissioning a nuclear waste repository in basalt (NWRB)
(Repository End Function responsibility).

The cbjectives of performance assessment activities for the BWIP are
summarized as follews:

¢ Integrate all site characterization, materials testing,
analytical results, and design requirements such that an
assessment of system performance can be made

o Demonstrate compliance with proposed regulatory criteria and
environmental standards

o Identify additional data andfor analyses needs for assessing

compliance with proposed regulatory criteria and environmental
standards .

¢ ODetermine performance requirements for repository and waste
package design

s Provide assurance of safety to operating personnel and public
safety during repository operation

e Support the preparation of site documentation; i.e., Site .
Characterizaticn Report (SCR) (Rockwell, 1982), semiannual Site
Characterization Progress Reports, EWIP input to the Site
Recommendation Report, and the PSAR

e Provide assurance of long-term waste fsolation.

2.1 STATUS OF BWIP PERFORMANCE ASSESSMENT ACTIVITIES

The scope of the EWIP Performance Assessment activities serves to
define fsolation and system characteristics, including the near-term and
far-term conditions in which the system or subsystem must function, of the
repository and to assess this performance relative to regulatory criteria
proposed by the U.S. Nuclear Regulatory Commisston (NRC) and the
Uu.S. Environmental Protection Agency (EPA). Current activities tncluds
acquisition of data for the sys description, acquisttion and/or
development of computer models and related analytical methods, and
establishment of performance requirements responsive to the regulatory
criteria.

The primary purpose of the Performance Assessment activity is to
measure the degree to which the regula.ory criteria are met, The
regulatary criteria are designatad by the HRC in 10 CFR 60 (NRC, 1982) and
by the EPA in &0 CFR 181 (EPA, 1982). The current versions of

12
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preposed key criterty related to Perforsance Assessment 2re 3513 ned o
Table 1, The r‘e?uiamry criter1s gre presently n reft fore, Tag
integrated flux limits gspecified in 40 CFR 191 sre tre preac 53’ stemgery
for analyses of component and systes reguireseats.

An alternate aption to the criteris gresently prososes 1o & UFR 181
(EPA, 1982) 45 to include a dose-to-man criterion a5 the primyry aumerical
constraint and to subordinate the current aumgrics! limits tg the r3le of
design quidelines. Az a rgsult of the extstence of this estiea,
develcoment of § capability for estimating radiation doses 1v wmcluned e
the Performance Asgessment sctivittes descrides 'a thrs Bcument.

Mathematical models developed thus far for predicting leng-ters ggr.
mance support the design of engineered componeats of the syites relatwe
to the performance criteria developed by the federal regulatory sgencires.
Relevant and site-spacific release scenarios have boen fereulates for ese
in these preliminary en2lyses. The GWIP wmodeling swthodalogy 1§ Sased o=
the conjunctive use of a3 suite of determinigtic numericat wadels thae
describe the coupled processes of rock stress/strain, hest transfer,
groundwater flow, and nuclide trangport. Sensitivity ang encprigisty
analysis will be used to define probebilstiag to assist in thRe estadivs
ment af levels of confidence. A description of the various sathematica?t
models that will be used in the BUIP performnce asaessaent snalpses s
provided in Appendix A. As gresented in Appendix R, § strategy for

analysis using different combinstions of Computer codes will S used wnem
addressing different criterta.

A summary of the definitions of terms used n this plaa is ligteq 1a
Appendix 8. Performance assessment criteris ire indexed in Appencia (.
The U.S. Oepartment of Energy proposed general gquidelines (DOE, 1983) for
the siting of nuclear waste repositories are indexed in Appendiz D, g

the transport pathway and parameter cherscteristics are cgescribed in
Appendix E.

13
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Table 1. Appliicable Proposed Criteria.

Factor

Measure

Preemplacement groundwater
travel time

Containment of high-level

waste in & waste package

Radionuclide release rate

Total system performance

Modification of the subsystem
performance requirements
stated above

Preclosure safety

—

The geologic repository shall be located so
that preemplacement groundwater travel time
along the fastest path of likely radio-
nuclide travel from the disturbed zone to
the accessible environment shall be at least
1,000 yr (NRC, 1982).

Containment will be substantially complete
for a period of 1,000 yr after permanent
closure of the geologic repository, or such
other period as may be approved or specified
by the commission (NRC, 1982).

The release rate of any radionuclide
following the containment period shall not
exceed ane part in 100,000 per yr of the
inventory of that radionuclide calculated to
be present at 1,000 yr following permanent
closure. This requirement does not apply to
any nuclide that 1s released at a rate 0.1%
of the calculated total annual releaseé at
1,000 yr following permanent c¢losure

(NRC, 1982).

Integrated nuclide fluxes into the
accessible environment during the 10,000-yr
period following decommissioning must not
exceed the values stated in Appendix B of
40 CFR 191 (EPA, 1982).

On a case-by-case basis, the NRC may
approve or specify some other radionuclide
release rate designed containment period or
preemplacement groundwater travel time as
needed for the commission to find that the
cverall system performance objective {s
satisfied (NRC, 1982).

The geologic respositaory operations area
shall be designed so that until permanent
closure has been completed, radiation
exposures, radiation levels, and releases of
radicactive materials to unrestricted areas,
will at all times be maintained within the
limits specified in 10 CFR 20 (NRC, 1979)
and such generally applicabie environmenta!l

standards as may have been established by
the EPA (NRC, 1982).

14
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3.0 TECHNICAL PLAN OVERVIEW

The basic approach to Performance Assessment is illustrated in
Figure 1. This fi?ure is 2 logic diagram that relates the basic
activities that will be performed to- accomplish the tasks discussed in the
subsections that follow. The logic and organization of the plan is
consistent with Performance Assessment as discussed in the BWIP SCR
(Rockwell, 1982). Performance Assessment activities will be directed
towards supporting design improvements by providing input to engineering
studies, consequence and comparative risk assessment, and licensing
activities. Although not shown in Figure 1, the approach is iterative and
progressively refines the data and analytical techniques used to ensure an
accurate portrayal of system behavior, and refines system design to ensure
that the governing performance criteria are satisfied,

3.1 OVERVIEW

The activities identified in Figure 1 define an overall strategy that
“:]1ibe used to accomplish three primary tasks in support of the BWIP
mission: A

¢ Allocate systetn component performance requirements and establish
subsystem performance specifications

e Perform preclosure safety analyses, design reviews, and special
studies in support of system destgn

e Perform postclosure performance analysis to evaluate repository
performance and compliance with regulatory criteria.

3.1.1 Baselining and System Component Performance Requirements Allocation

Computer codes that will be used by the BWIP in an initial baseline
Performance Assessment have been developed. Use of these codes in
conjunction with credible worst-case assumptions will provide the basis
for an initfal baseline Performance Assessment. The initial baseline
Performance Assessment will serve two purposes. First, it will establish
2 preliminary subsystem level of performance for both the geologic anc
enginesred subsystems, Secondly, the analysis will be used to identify
appropriate sensitivity and uncertainty analysis that can be related to
engineering safety margins, ete. A discussion of the preliminary baseline
analyses 1s provided in the section entitled “Performance Assessment
Initia) Baseline” (5.3.2).

A procedure will be developed to allccate system performance
requirements (i.e., waste package performince requirements and repository
performance requirements) {in conjunction with estimated site performance
requirements. The approach will be to first identify the performance that
can be achieved by the geologic setting {site) and then identify

18
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the additional performance that must be schieved by each of the engineered
subgystems{waste gackage and repository). For example, if it can be
gemonstrated that the geochemical characteristics of the site provide
suffictent containment such that most nuclides cannot migrate in a
basaltic environmant, the complexity of tne engineered subsystems can be
reduced, Assuming that such simplification satisfies regulatory
requirements, use of naturzl materfals (cla¥ and crushed basalt) might be
substituted for mare comlex engineering, These types of analyses will be
used to support engingering design studtes and trade-off studles. A
discyssion of allocating system component performance requirements is
srovided in the section entitled "System Component Performance
equirements Allocatian® {5.3.3).

3.1.2 Preclosure Performance Assessment

Preclosure Performance Assessment activities are directed towards
evaluating repository operations to ensure compliance with zpplicable
nuclear and non-nuclear safety performance criteria. The logic diagram
for the BUIP Performance Assessment (Fig. 1) identifies the generic
activities needed to perform a preclosure safety analysis. Based on
identified norma! operations hazards and accident scenarios, the
preclosure Performance Assessment will include analyzing the consequences
of hazardous operations and the recommendation of preventive and
mitigating measures., These recommendations will be evaluated by the
architect-engineer and aopropriate changes in design criteria or design
concepts ~il) be made to eliminate safety-related deficiencies. Tre
revised design will then be subjected to safety anmalysis. The process of
reposttory design follawed by safety analysis will he repeated for each
design phase, eventually leading to the preparat.un of the PSAR and
Environmental Repart portions of the license applications for
construction, oceration, and decommissianing.

3.1.3 Postclosure Performance Assessment

The basic objective of postclosure Performance Assessment is to
demonstrate that 2 repository in basalt will satisfy the requirements set
forth by the regulatory agencies {NRC and EPA). Two iterative processes
are included: ?1) a process that progressively refines the analytical
techniques used to assess performance to ensure an accurate representation
of system behavior, and (2) a process that refines the system design
and/ar site layout to ensure that governing performance criteria are met,
Bath processes proceed in parallel, though it is obvious that the final
assessment of isolation system acceptability cannot be completed until
after final acceptance of the Performance Assessment methodology is found
to be acceptable using appropriate testing procedures (1.e., verification,
benchmarking, and validation).

The logic diagram (see Fig. 1) illustrates (excluding iterative
processes) the orderly development and application of Performance
Assessment methodology in support of the BWIP postclosure Performance
Assessmant licensing requirements.

17
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3.2 PERFORMANCE ASSESSMENT CRITERIA

3.2.1 Preclosure Criteria

The princigal rﬁgglator{ criteria applicable to preclosure
performance of tha N are listed in Table 2. In case of conflict
between applicable standards, the most restrictive shall apply (see

Tahle 2). A complete statement of the draft preclosure criteria contained
in 10 CFR 60 (KRC, 1982) 1s included in Appendix C.

3.2.2 Postclosure Criteria

The draft proposed criteria that define the performance objectives
for pastclosure of an NWRS are summarized in Table 3. Complete statements
of these criteria are found in Appendix C. The postclosure performance
objectives in 10 CFR 60 (NRC, 1982) focus on the overlapping roles _
(muitibarrier) of the waste package, repository, and site subsystems as
required to control release of radionuclides from the engineered system.
The EPA criteria focus on release from the site subsystem to the
accessible enviromment. The KRC also considers the criteria on
preemplacement groundwater travel time as an adjunct to defining a
suitable site subsystem; however, due to the time phase covered, 1t is
Tisted separately. Finglly, the NRC has defined a requirement that the
site subsystem accommodate any faflure of the waste package system and
mitigate any disruptive events or pracesses on the engineered system.

A1l regulatory criteria for mined geologic disposal are presently in
draft form and revisions to the present draft criteria can de expected.
The NWTS Program 1s using preliminary information from the NRC and the
EPA, review comments from the nuclear industry, and analysis by the
project staffs to prepare a "Mined Geologic Disposal System Requirements“
document (ONI, 1982) for the waste isolation system (geologic disposal
system). The purpose of the NWTS Mined Gealogical Disposal System
Requirements (MGOSR) document is to provide the NWTS Program with generic
requirements for the characterization, de:_}gn. Performance Assessment, and
field activities of the projects in the NWIS Program. The document
defines the waste isclation system and {ts subsystems in terms of its
bounds -(definition), functional requirements, and performance
requirements. The MGOSR, when complete, will serve as 2 requirements
document for the activities of the BWIP. Some of the proposed criteria
and definitions centained {n this plan were tzken from the MGOSR.

3.2.3 Department of Enerqgy Siting Guidelines
The DOE has proposed generallg;?ehnes for selecting sites for

Nuclear Waste Repositories (DOE, The proposed quidelines are
presented in three parts: system guidelines, program guidelines, and
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VABLE 2,

Waste Repository in Basalt,

Preclosure Performance Assessment Criteria tor a Nuclear

eria and status

Criteria focus

NWRB subsystem

Reference

Criteria summary

FR 191 (Draft)

FR 20 (1ssued)
., 1979)

FR 60 (Draft)

R 20 (1ssued)
s 1979)

:FR 60 (Draft)

FR 57, Chapter I,
:hapters D, E,

N ([ssued)

A, 1981)

Radioactive
releases

Radioactive
releases

Retrievabfility

Occupat fona)
radiation
protection

Criticality

Mine safety

Total

Repository

Repository and
Waste Package

Repository

fRepository and
Waste Package

Repository

10 CFR 50.111(a)
(NRC, 1982)

10 CFR 60.111(a)
(NRC, 1982)

10 CFR 60.111(b)
(NRC, 1982)

10 CFR 60.131(a)
(NRC, 1982)

10 CFR 60.131(b)
(7) (NRC, 1982)

10 CFR 60.131(b)
(9) (NRC, 1982)

Public exposure to radiation from normal
repository operations shall be
25 mrem{yr to the whole body.

Radiation exposure of individuals in
unrestricted areas shall be 0.5 rem/yr.
Effluent concentrations shall comply
with Appendix B, Table II.

Waste shall be retrievable until com-
pletion of a performance confirmation

v

program, =
A

Occupational exposure to radiation ==
shall be limited to 5 remlyr whole o3
body dose and Appendix B, Table 1, c:i;
Column 1 concentrations. =]
[y

“Criticality accident i5 not possible

unless two unlikely, independent, and
concurrent or sequentia) changes in
safety systems occur and Kefs 0.95.

Mine Safety and Health Administration
Requlations.

CFR = Code of Federal Regulations.
MOE = Department of Energy.
ORI = Office of Hatfonal Waste Terminal Storage Integration.
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riteria and status
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0 CFR 131 (Draft)

/

0 CFR 60 (Draft;

0 CFR 60 (Draft)

.0 CFR 60 (Draft)

TABLE 3. Postclosure Performance Assessment Criteria for

Criteria focus

}solation

Isolation

Containment

Groundwater .
Travel Time

ST eseraze

-y t—— G W B kR s P S

= = e metim e cwmp & mem o
-“-.-...—.--..'..-.1

NWRR subsystem

Bt smas e on @ e e

Engineered System-

Waste Package

Site

a Nuclear Haste Repository in Basalte,

U KL 3 § PRIy X BN Y

Reference

YA RLERY LT 2

Criteria summary

- s

Be e n evww y e we .

10 CFR 60.111(a)
(1) (nrt, 1982)

10 CFR 60.113{a)
1)(11)(8)
MRC, 1982)

10 CFR 60.113(a)
1)€11}(A)
#RC, 1982)

10 CFR 60.113{a)

fl) 11)(8)(2)
MRC, 1982)

Integrated mass flux to the accessible
environment at 10,000 yr after
closure.

Releases from the engineered system
shall not exceed 10~°f/yr {does not
apply to radionuclides that contri-
bute 0.1% of the total annual curie
release).

l.mo-y:' containment of waste after
closure.

0-0 AY

100-dvd-1ng-05

Preemplacement growmdwater travel time
from the disturbed zone to the access-
ible environment shall be >1,000 yr,

- wp—

*praft 10 CFR 60 and 40 CFR 191 regulations present numerjcal subsystem performance requirements. The current version
of 10 CFR 60 pravides that the subsystem requirements may be modified, subject to approval by the RRC., Therefare, alter-
1ate approaches to measuring system perforsence, such as a dose-to-man criterion, are being examined.
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technical guidelines. The system guidelines address the primary
objectives of protecting the health and safety of the public and the
environment. They relate the performance of the geolo%ic repasitory
system to standards for allowable releases of radicactive msterial and
provide the basis for developing the technical criteria. The pregram
guidelines define the policy requirements to be followed in implementing
the DOE's program for selecting a repository site.. The technical
guidelines specify factors for the qualification and disqualification of
sites and the conditions that would be considered favorable or potentially
adverse. A summary of the proposed guidelines is contained in Appendix O.

The BWIP, in {its Performance Assessment activities, will use the
present waste isolation s;stem criteria (EPA, 1982} as the primary basis
for evaluating an NWRB until such criteris are formally replaced. The
subsystem criteria in the present drafts of 10 CFR 60 (NRC, 1982) will be
utilized as design criteria for the subsystems Jf an FWRE. Studies to
assess the cost and safety impacts of these criteria will be conducted.

e
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4.0 PRECLOSURE PERFORMANCE ASSESSMENT

The preclosure Performance Assessment activity addresses the safety
of the NWRB during repository construction and operation until permanent
closure of the faciiity, including optional retrieval of emplaced waste.
Emphasis of the preclosure Performance Assessment activities is on
ensuring safety of the engineered system (waste package and repository)
through support of dasign and licensing of the NWRB. Preclosure safety
analysis will include evaluations of:

8 Normal and accident conditions

] Inter;lal and external events that impact safety
¢ Radiological and nonradialogical occurrences

e Onsite and offsite consequences.

Performance of the HWRE during the operational phase will be measured with
respect to compliance with nuclear and non-nuclear criteria governing
public health, cccupational safety, and environmental standards. Studies
of preclosure safety will be directed towards preparation of appropriate
documentation of system safety to be incorporated in license applications
for construction authorization, operation, and decommissioning (closure).
Contents of the 1icende application, specifically the Safety Analysis
Report and Envirommental Report are addressed in 10 CFR 60.21 (NRC, 1981a)
and 10 CFR 51 (NRC, 1980), respectively.

Assessment of preclosure performance will nvolve an fterative
process of safety analysis during each repository and waste package design
phase. The level of detail and the- techniques used in the safety analysis
will be gaverned by the complexity and detail in the system design
description. Formal dacumented safety analyses will be conducted
fallowing the completion of each major design phase; conceptual, upgraded
conceptual (XE/PB, 1982), Title I, and Title II designs. Such safety
analyses will provide input to design c¢riteria and will include
recommendations for ensuring that the design will comply with applicable
safety critera. Ouring each design phase, the preclosure Performance
Assessment team will pravide assistance to the architect/engin-ar
responsible for design in identifying and resalving safety Issues.

Federal, state, and local standards will be screened for thetir
applicability to environmental releases and cccupational safety for the
N¥RB. Nuclear safety, industrial safety, and mine safety criteria will be
considered. Criteria may take the form of existing or proposed
regulations directly applicable to a nuclear waste repository (10 C°R 60
(NRC, 1982), 10 CFR 20 (KRC, 1979), 40 CFR 191 (EPA, 1982), 29 CTr 1910
(CFR, 1979a), 29 CFR 1926 (CFR, 1979h) etc.) or existing guidelines for
similar nuclear or non-nuclear operstions. Regulatory criteria will then
be transiated into more specific design safety criteria. Regulatory
igency and pertinent project-specific design criteria are reviewed at each
design phase ta determine their continuing applicability and adequacy.

a2
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Changes in requlations, destgn analysis methods, or information from test
results will be evaluated for their impac¢t 3n repository prec'ssure
safety. While the focus of this task is on the gevelopment of safety
criterts, it is recognized that safety considerations way iaflusace
related reliability, structural, maintenance, quality assurance, ind
operating criteria.

The depth of each formal safety analysis will be governes by the
complexity and detail of the destgn on which 1t is based. Vherefore, the
techniques used in the analysis will become progressively more
quantitative and orecise with sach design fteration, Early preclosgre
safety studies based on the Conceptual System Dasign Jescriptron wvli rely
on qualitative description of hazards, while a safety analysis gased on
Title I Design will employ quantitative rigk assessment qna fault-tree
techniques., However, each phase of safety analysis will follow g sraviar
logic sequence. A generic methodolagy for safety gnalysis is snoun 1n
Figure ¢ and is described below. This figure describes an iterative
process that is directed towards design safety support.

8.1 SYSTEM DESCRIPTION

To conduct a safety analysis requires an accurate description of the
process or system under evaluation. The system description «{171 bg desed
on available design and test data that can be used to characterize
repository construction, cperation, decommisstoning, and retrieval
operations under norma) operational conditions. The system description
will be developed in sufficient detail to serve as the basis for
subsequent safety analysis and will be updated following the completion of
edch major design phase. Flow diagrams may be utilized to descrida
repository operations and will typically identify associated personnel
requirements and duration of each process. These flow diagrams will allow
an evaluation of accupaticnal exposure to radiaological and nonradgiological
hazards. In addition, subcomponent and equipment descriptions will defins
the physical characteristics and operating conditions of hardware utilizeg
and identify the chemical species present. The boundary conditions for
each subcomponent will be defined and interfaced with other subcomponents
fdentified. When detailed design information becomes available, the
system description activity will be directed towards the preparation of 2
unit operations 1ist. Each unit operation will be defined by & unique set
of conditions containing a:

e Distinct set of radiolegical, chemical, and environmental
conditions

¢ Specific populaticn or number of workers involved
o Defined duration

e Defined physical boundary ar work space,
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FIGURE 2. Preclosure Performance Assessment Safety Analysis

Methodology.

TASK.
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4.2 CHARACTERIZATION OF NORMAL OPERATIONS HAZARDS

This task focuses on the identification and evaluation of subsystem
operations that involve potential hazards. Hazardous material inventories
and dispersal mechanisms that can impact system safety under normal
operating conditions are identified., Each hazard is then cilassified into
appropriate categories, such as radiological, chemical, occupatignal,
environmental, etc. A review of the repository design will be performea
to ensure compliance with established safety criteria. Hazards that
warrant further quantitative analysis of associated consequences will be
identified. Prior to formal consequence 2nalysis, preventive and/or
mitigative measures that can be incorporated as alternative design
concepts or improved operating procedures will be presented.

4.3 SELECT AND CHARACTERIZE ACCIDENT SCENARIOS

For preclosure safety analysis, accident scenavios that may impact
system safety will be identified and described. Scenarios considered will
be those that can result in occupational or offsite hazards to the general
public, Accident conditions that may be created by events induced both
within and external to the facility will-be examined. As shown (see
Fig. 2), external disruptive events, including both natural phencmena and
man=-induced events, are defined as part of a separate task outside the
scope of the preclosure Performance Assessment activity. Fatilure Modes
and Effects Analysis and fault-tree analysis wiTl be used to evaluate
accident conditions resulting from equipment failure and operator error
within the facility. Probabilities will be assigned to accident-
initiating events and succeeding events to aliow an assessment of the
cumulative probability of a given scenario. A1l postulated abnormal
occurrences will be appropriately categorized according to the expected
type of consequences {e.g., radiclogical, chemical), and a ranking of
varfous accidents by probability of accurrence will be established. The
complete list of accident scenarias should represent a full range of
possible occurrences, from low to hich probability, to ensure that
tounding conditions for accident analysis have been defined. Criteria for
selection of credible accident scenarios will be developed and applied to
the categorized 1ist of scenarios. Accident scenarios deemed credible
will be subjected tc a formal anzlysis of possible consequences.,

4.4 PRECLOSURE PERFORMANCE ASSESSMENT: COMSEQUENCES AND
MITIGATIVE MEASURES

§.4.1 Consequence Analysis

The consequences of selected hazardous repository operations under
normal and accident conditions will be evaluated and compared to appli-
cable criterfa. Consideration will be given to radiological, industrial,
and mine safety hazards to the public and to repository personnel, This
task will lead ts the documentation of quantitative estimates of
cansequences
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and a measurement of risk {probability times consequence) for various
normal operations hazards and accidents. Safety hazards will then be
classified and ranked in terms of relative risk.

Mine accidents will be analyzed for their impact on occupational
safety and relationships to radiclogical hazards will be identified. For
radfological incidents, the consequence analysis wili be carried to the
point where occupational or public exposures can be calculated. To this
end, the consequence analysis will include evaluation of:

¢ Contaminant source terms
¢ Transport pathways
e Radiclogical dose consequences.

Seurce terms will be quantified through detailed analysis of previously
described accident scenarios. Release characteristics will depend on the
type of initiating event (e.qg., fire, explosion) and the fraction of waste
inventory involved. Within the facility, transport pathways will be
determingd by ventilation system performance, radicactive waste system
capabilities, and the anticipated response of monitoring systems and
persgnnel to accident conditions. Environmental pathways through air and
water will be evaluated with appropriate models, such as those currently
used in safety analysis of nuclear power reactors, Radiological dose to
the public and to repository personnel will be calculated considering the
population exposed and doses accumutated through the processes of Girect
exposure, inhaletion, ingestion, or immersion.

§.4.2 Recommendation of -Preventive and Mitigative Measures

The consequence-based analysis culminates in the recommendation of
specific means of improving the repository design with respect to system
cafety. Preventive measures are utilized to preclude the possibility of
an accident occurring, whereas mitigation measures are designed to
minimize the consequences of an accident and permit recovery from accident
conditions. Recommendations are taflaored to revising pertinent safety
design criterfa, {identification of alternata design concepts that meet
functional requirements with greater safety, or modifying operating
procedures. Because this task represents an integration of safety
analysis scudies with the repository design, the final 1ist of
recommendations must be the result of a cooperative effort between
performance assessment activities and the repository architect/engineer.

Based on the quantified risk of various hazards tdentified in the
previous task, a risk (safety) management approach will be outlined that
sets specific goals for dealing with preclosure safety hazards. Threshold
criteria for safety risks will be established above which preventive or
mitigative measures must be employed. Those events that fall below this
threshold will be considered unlikely to compromise safety. However,
those subsystem cperations considered safe will be examined for risk
reduction through cost-effective means. Such an approach to beclancing
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risk versus cost with respect to radiological exposure will be used in the
development of an ALARA (as low as reasonably achievable) methodology
applicable to the operational phase of the NWRB. Recommendations for
safety improvements will be referred to the architect/engineer for
redesign of affected repository systems. Because of the interaction of
often conflicting objectives relative to safety, reliability, maintenance,
constructibility, and cost-effectiveness, the architect/engineer will be
responsible for selection of preventive or mitigative measures. The
revised design will then be subjected to a final safety analysis to ensure
that safety criteria and risk management objectives have been achieved.

4,5 PRECLOSURE PERFORMANCE ASSESSMENT SCHEDULE AND INTERFACES

The previous section has identified a generic methodology for
preclosure Performance Assessment that will be iteratively applied at the
completion of each repository design phase. The preclosure Performance
Assessment activity will serve as the focal point for preparing safety
analysis input to licensing documents. The major safety analysis
aciivities leading to the preparation of a license application for
repository construction authorization are shown in Figure 3.

4 5.1 Preliminary Hazards Analysis

The Preliminary Hazards Analysis will involve an initia) safety
analysis of conceptual waste package and repository design. This analysis
will be documented in a report to be completed by the end of the fisca
year 1984 in support of the initiation of the repository Conceptual Design
Upgrade. The level of detail in the current repository conceptual design
dictates that the Preliminary Hazards Analysis will be qualitative in many
areas, Emphasis will be on identifying significant safety hazards that
warrant further consideration in the development of design criteria and in
the Conceptual Design Upgrade. Fiscal year-1983 activities will
concentrate on establishing safety criteria, methodology development, and
definition of accident scenarios. An interim report will be prepared
documenting the results of fiscal year-1983 studies, primarily as an input
to the update of design criteria. Fiscal year-1984 preclosure safety
studies will quantitatively define the consequences of potential hazards
and document recommendatfons for hazard prevention and mitigation.

4.5.2 Design Support - Upgraded Conceptual Design

During the preparation of the Upgraded Conceptual Design, the
preclosure Performance Assessment activity will function in a level of
effort commensurate with tne need of the architect/engineer. Assistance
wili be provided in concept selection and safety design review, as
needed,
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4.5.3 Safety Assessment

Based on the Upgraded Conceptual Design, a detailed safety assessment
will be conducted as imput to the Repository Preliminary Design and the
license application for construction authorization. The analyses will be
summarized in a Safety Assessment Report to be completed by the end of the
second quarter of fiscal year 1986, Analyses in the Safety Assessment
Report will form the technical basis for the preparation of oreclosure
safety input to the Site Recommendation Report and the license application
for construction authorization.

4.5.4 Preclasure License Acplication Input

The license applicatfon for construction authorization will require
input from the preclosure ?erformance Assessment activity, specifically to
the Preliminary Safety Analysis Report (cited in 10 CFR 60.21) (NRC, 1982)
and the Environmental Report (cited in 10 CFR S51) (NRC, 1981b).
Appropriate sections of the license application documents will be prepared
during fiscal year 1986 based on the Upgraded Conceptual Design and the
Safety Assessmant Report results. The preclosure input to the license
application will be completed by the end of fiscal year 1986 to allow for
nine months review and approval by the DOE.
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5.0 POSTCLOSURE PERFORMANCE ASSESSMENT

The present philosophy guiding the BWIP postclosure Performance
Assessment activities {s defined {n this section. This philasophy is
subject to change pending finalization of regulatory requirements.
Principal application of postclosure performance analysis is twofold: to
predict the long-term behavior of the repository system under anticipated
and postulated ?eologic conditions, and to assist in the design of the

engineered facility so that compliiance with technical criteria is
ensured.

S.1 PREPARATIOR OF SYSTEM DESCRIPTION: POSTCLOSURE
REPOSITORY PERFORMANCE

§.1.1 System Description

The long-term performance analysis of a nuclear waste repository is 2
systematic evaluation process that quantifies how well the system achieves
its basic design abjective; that 1s, the fsolation of the nuclear waste
from the accessible enviromment. Principal goals of svch long-term
performance analysis are twofold: to assist in the design of an
engineered facility that complies with technical criteria and to predict
the long~-term behavier of the repositery system under antjcipated and
pastulated crnditions. To achieve these goals, it 1s necessary to: °

e ldentfify the conditions and phenomena that will significantly
affect the rate, quantity, and direction of radionuclide.movement

o Develop an 2cceptable understanding of such conditions and
phenomena '

o Develop a methadology that properly relates tha significant
processes and conditions to the fsolation criteria

¢ Assemble adequate evaluation tools (predictive model and data
analysis codes)

o Identify data needs in terms of the model requirements angd
collect needed data

¢ Develop quantitative descriptions of plausibie disruptive events
that can be used by the models for Performance Assessment

¢ Ppply Performance Assessment methodology to determine waste

isolation system or subsystem performance under expected and
disruptive conditions, taking uncertainty into account.
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A discussion of transport pathway considerations and parameter
characterization is provided in Appendix E.

§.1.2 Analysis Methodalogy

Predicting repository system performance over large-space scales and
very long time frames (i.e., tens of hilometers ard 10,000 yr) strongly
indicates the need for the use of mathematical models based on the
underlying physical and chemical principles to ertrapolate measured system
behavior. Such models provide an efficient and versatile way to predict
the interrelationships and long-term changes in the waste isolation
system. Construction of conceptual models is 2 necessary precursor to the
development of more detailed models. Conceptual models are used to place
bounds on the key system parameters.

£.1.3 Scale

Because the critical processes can in many cases function at
different spatial scales, the overall long-term performance analysis
problem is best broken down into three subregions. These are the very
near-field (canister-to-room scale), the near-field (repository-to-
emplacement horizon scale), and the far-field scale. This subdivision was
developed from a recognition that some processes were more important at
one scale than at another scale. Using this approach, mathematical models
for each subregion can be developed that realistically portray the
dominant physical processes, without neglecting less important effects.
Thus, the objective of adequate predictive analysis 1s achieved while
functional practicality is also preserved.

A suite of computer cedes have been developed and will be used in the
BWIP studies. The computer codes span the spatial scales discussed.

A description of the computer codes grouped by spatial scale is provided
in Appendix A.

5§.1.4 Type of Models

Once the important chemical and physical processes and parameters are
identified, the model types can be identified. Not all model types
require implementation in the form of sophisticated, numerical computer
codes. It follows from the description of the transport pathway system
that the model types needed are:

Groundwater flow in a continuum (porous medfa)
Groundwater flow in & fractured system {very near field)
Heat transport (very near field, near field)

Waste package degradation (very near fieid)

Waste form dissolution (very near field)
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Radionuclide release rate (very near field, near field)
Radionuclide mass transport (far field)

Groungwater velocity and path orientation (near field, far
field).

The relationships among the various processes, characteristics, and
related models are discussed in Appeudix €. A description of the various
computer codes and the Vinking of computer codes {input/output) relation-
ships is provided in Appendix A.

5.2 SELECTION AND CHARACTERIZATION OF POSTCLOSURE LONG-TERM
DISRUPTIVE SCERARIQS

Selection and characterization of pastclosure disruptive scenarios
define the cedible events, processes, and resultant radionuclide releases
and pathways that must be considered as the basis for repository
site-suitability selection and engineered system design. The basic
objective of this activity is to identify and characterize in detail
scenarios having a2 reasonable probability of occurrence and sufficient
consequences to represent a meaningful design concern. At the present
time, the various scenarios that have been identif fed are being reviewed
in terms of recommendations set forth in drafts of 10 CFR 60 (NRC, 1982)
and 40 CFR 191 (EPA, 1982). Scenarios will be selected for detailed
parametric analysis using a Delphi method of cpinion solicitation from
nationally recognized experts. Scenario description documants
(culminating in & final report documenting scenarios for use in analysis
supporting the repository constructic 1icense application) will be
prepared periodically during conduct of this work.

Several credible non-site-specific disruptive event scenarios have
been proposed in the technical 1iterature. These generic scenarios have
been screered and evaluated based on BWIP site-specific geologic and
hydrolegic knowledge, event 1ikelihoad, and release potenttal from a
repository in Columbia River basalt {Arnett and others, 1980). Scenarios
initially considered applicable consisted of the following natural,
man-induced, and repositery-induced events for the first 10,000 yr
faollowing repository decommissioning:

¢ Fault zone directly or indirectly connecting repository with
biosphere

Shaft seal degradatfon or failure

Intrusion by borehcle

Loss of integrity due to microearthquake swarm

Intrusion by basaltic dike.

Currently, no attemt has been made by the BWIP to estimate the
probabilities of occurrence of such events., Instead, consequence analyses
have been undertaken to determine their patential for disruption of a
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repository in basilt. 1In many instances, the consequences of a particular
event are sufficiently small to cause the issue of probability of
occurrence to be of limited interest; i.e., even if the probability of
oceurrence of an event is 1.0, the radionuclides released would be
contained in the deep basalt away from the accessible environment, If it
is determined that an event or process has the potential for significant
consequence, the overall risk will be calculated from the consequence and
prubability of occurrence.

The current 1ist of plausible ¢.enarios will be modified, if
necessary, to incorporate the results of the Jelphi Method of
Solicitation, The 1ist of plausible scenarios will be categorized in
cerms of:

¢ Natural system dynamics
¢ Man-induced phenomena
¢ Site characterization incertainty

5.3 TEST RUNS OF COMPUTER CODES

Computer test applications or runs with the major Performance
Assessment models will be performed for the purpose of: (1) developing a
detailed understanding of flow and transport processes in the basalt,
and (2) ensuring that the computer codes are capable of describing the
unique characteristics of the basalt. Some computer test runs will
consist of parametric and sensitivity studies to provide information on
key parameters. Furthermore, because of the inherent uncertainty in
predicting system performance, the Merformance Assessment methodology must
incorporate the use of both deterministic and probabilistic models.

5.3.1 Summary of Conclusions from Preliminary Long-Term Repository
Performance Analysis

Very Near-Field Modeling Studies. The modeling studies completed to date
have emphasized the estimation of waste-package performance requirements.

Simulation studies of the very near field clearly reflect the
favorable geochemical environment of the basalt., In particular, the
reducing (anoxic) ervironment of the deep basalt increases the stability
of the canisters and significantly decreases the solubility of many key
radionuclides.

The primary preliminary conclusions developed from the available
modeling studies are 2as follows:

o Solubflity of radionuclides 1imits many release rates to levels
well below the NRC criteria

e High sorptive prooerties of basalt will retard the movement of
many radionuclides.
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Near-fField Model’ng Studies. Modeling studies for the reference
repository location (RRL) have been performed that predict groundwater and
radionuclide pathways and travel times. Performance-analysis models that
describe the coupled processes of heat transfer, fluid flow, and
radionuclide transport have been applied using representative hydrologic
data obtained from field testin?. These near-field simulations generally
indicate that the groundwater flow paths are controlled by the occurrence
and hydraulic characteristics of the basalt flow contacts above the
emplacement horizon, This trend s expected because groundwater will

follow the path of least resistance; that is, primarily along the more
pervious flow contacts,

With regard to waste-isolation effectiveness of the RRL, the
preliminary results of the near-field performance analysis support the
preliminary conclusion that the radionuclide release across the boundary
to the accessible environment (at 10 km) appears to remain well below the

EPR regulations, for both no-disruption and postulated fault-zone
conditions.

Far-Field Modeling Studies. Far-field hydrologic modeling studies of the
groundwater system in the basalts have been performed over the past
several years by a aumber of independent organizations, using the
hydrologic data sets available at the time each study was performed.
These studies simulated the three-dimensional groundwater head patterns
and estimated flow paths and travel times from 2 hypothetical repository
location to tne biosphere. The preemplacement travel times calculated to
date significantly exceed the 1,000-yr travel time from the repository to
tha accessible environment in the proposed NRC regulatfons. However, the

effect of model and data uncertiinty are not totalkly understood at the
present time.

5.3.2 Performance Assessment Initial Baseline

Analyses will be performed to assess the isolation Lapability of the
basalt repository system, based on current estimates of site and
engineered subsystem characteristics. The primary purpose of the analysis
is to identify any major deficiencies in subsystem performance.
Sensitivity analysis will be performed to identify characteristics that
have the greatest impact on systems performance. The analysis will be
conducted using existing data and a suite of computer codes.

The baseline analyses will use "as-is* computer codes. The PORFLO
(see Appendix A) computer code will be used to calculate grouriwater flow,
heat transfer, and radionuclide transport in the near field (see
Appendix 8). The PORFLO computer code will be used in the near field
where thermal loading significantly influences the vertica' hydraulic
gradients. The MAGNUM-30 and PATH-3D (see Appendix A) computer codes will
be used to analyze groundwater transport in the far field (see
Appendix 8). 3 different combination of computer codes 1s used for
analysis in the far field since the groundwater flow regime is unaffected
by thermal laading,
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To ensure traceabtlity, the data base used in the analysis «tll be
obtained from the most current appl.cable BWIP data packages. The data
base and analyses used to establiish the initial baseline will be
archived.

The postclosure Performance Assessment baseline will be updated
periodically in support of major oroject documents (i.e., the final Site
Characterization Progress Report (Rockwell, 1982) and the input to the
Site Recommendation Report). Simulations wil)l be performed using the site
assessment codes to determine the impact of disruptive events and the
variation in site characteristics (hydrologic and geochemical parameters)
on the performance of the si1te, B8oth sensitivity and uncertaiaty analysis
will be used to establish confidence limits or dbounds. The objective of
the analysis will be to establish confidence limits for the measures of
perfarmance, (i.e., gruundwater travel times, radionuclide fluxes,

dose-to-man, etc.) to determine if the regulatory oerformance criteria are
satisfied by the MHRB,

5.3.3 System Zomponeat Performance Reguirement Allocation

A geologic repository is 3 system consisting or several subsystenms,
both natural and engineered. The natural subsystem is defined as the
gealogic setting, and the engineered subsystems are defined as waste
pickage and repository seal subsystems. It is assumed, a priori, that the
total system will satisfy aporopriate regulatory criteria and,
furthermore, that 1 methodology can be identified to allocate subsystam
rerformance requirements. For each engineered subsystem, the perforaance
requirements can be used to establish project-specific design criteria
from which design alternatives can be analyzed and trade-off studies can
be perfoaimad. Such analyses will provide a basis for preparing waste
package and seal system performance specifications. The analyses per-

formed by the BWIP will be consistent with the requirements set forth in
the KWTS-MGOSk document,

The BWIP approach to Performance Assessment consists of several
steps, outlined in Figure 4. The first step is to define the performance
objectives for the repository system (i.e., release limits, dose-to-man
limits, etc.) The next major process is to identify the radionuclides
critical to the performance of the repository and to 1ist the assumptions
associated with the radionuclide screening process. Details of the key
radionuclide identification process are illustrated in Figure S,

The relationships between the required performance »f the repository
subsystems are evaluated in terms of the key radionuclides. The approach
to allocation assumes that certain criteria can be satisfied by an
individual subsystem or collectively by several subsystems . Quantitative
relationships are established between the various subsystems and the
required performance for each subsystem {s defined. The subsystean
performance requirements will be used as input to the design and
engineering trade-off studies. The analyses or subsystem performance
requirercnts will be used as input to the design and engineering trade-off

k3
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studies. An iterative process employing the use of Performance
Assessment, engineering trade-off studies, and design review will be used
to determine waste packayge and seal system design specifications and to
establish priorities for research and development and testing programs.

5.3.4 Sensitivity Analysis

Due to the complexity and interrelationships of the various
conditions and processes affecting the waste isolation capability of the
site, and because of the varfation in the BWIF's ability to characterize
such conditions or processes, it is important to fdentify and quantify the
variables for which the results of the performance analysis are most
sensitive, This should first be done from an integrated, total
Performance Assessment viewpoint to identify the parameters that have the
greatest influence, and then at the subsystem level of analysis to trace
their influence in mare detail. Sensitivity analysis is performed to

degermine which parameters have the greatest influence on the results or
solution.

Sensitivity analysis can take a variety of forms. One method is to
vary model input parameters using & decision-tree approach. Sensitivity
analysis may also take place at 2 more elementary level, where each
parameter or group of parameters is simply varied and its effect on the
solution 1s evaluated. Where the NWTS methods are available, they will te
apalied to the NWRB. In either case, sensitivity analysis should identify
the purameters of important processes, and facilitate the identification
of highlight design featurec that have the greatest influence on
performance. Sensitivity analyses have been conducted from the earliest
period of the BNIP, In the context of future Performance Assessment,
sensitivity analysis will be both systematic and well documented.
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Presently, the 84IP is perfarming a sensitivity analwsis to avalyate
the impact of data and model uncertainty on postclasure rapository
isolation performance, A modeling task fcrce with reprasentation from the
BWIP, U.S. Geological Survey, Pacific Northwest Laduratory (PNL}, and
Lawrence Berkeley Laboratory has been assembied to: (1) review and
synthesize a data base and (2) using the revised data base, interor.. and
revise the regional and Pasco Basin hydrologic models to establisn a
consensus among task force participants. Using the revised data and mode!l
base, the PNL will then conduct a sensitivity analysis to identify
important paramcters, Parameters likely to be considered are: vertical
hydraulic conductivity, hydraulic ootential, boundary congitions, and
geologic structural considerations.

In terms of methodology, the BWIP is presently reviewing various
advanced techniques of sensitivity amalysis as 1t pertafns to doth the
existing BWIP suite of comouter codes, and codes that will be developed by
the BUIP. A retrofit of sensitivity analyses techniques to existing codes
could be extremely complex and time consuming. [t is assumed that «ith
proper coding procedures and software management controls, the cost of

formulating and implementing these methodologies to Jeveloping codes can
be minimized.

8.3.5 Uncertainty Analysis

Recognizin? thit decisions regarding the repository site will rely
heavily on mode! predictions, it is essential to address the uncertainty
associated with both the simulation mogels and the data ased in the

anulysis. For the most part, uncertainty in model predictions can be
attributed to five major sources:

e Random and systematic errors in field and laboratory
measurements of geotechnical properties

s Errors arising from subjective interoretations of the spatial or
temporal variations of parameters based on giscrete data

¢ Incomplete characterization

s Limited understanding of important physical, chemical, and
mechanical orocesses

¢ Limitations in the mathematical models, iacluding the computer
codes that describe the processes.

A number of techniques that can be used to getermine the uncertainty
of model input parameter estimates have been develcoed by the PKL for the
Assessment of Effectiveness of Geologic Isolation Systems (AEGIS] orogram
funded through the O0ffice of Nuclear Waste Isolation {JHWli. The tecn-
niques are presentlyv under review Dy the 3WI? to detarmine their useful-
ness for evaluating the uncertaintes of key nydrogenscgic sarameters Jsec
in repgsitory parformince ina'ysis and concestual nycrolsgic mogeiing,

(X ]
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These techniques are being reviewed to determine their usefulness for
evaluating the need for additional hydrogeologic data and as a means of
identifying the locations where these data shou'd be collected.

Uncertainty analysis will include the estabiishment of probability
distributions for hydrogeologic model input parameters and the application
o/ these uncertainties in conjunction with deterministic models.

Parameter uncertainty and associated propagation of uncertainty through
the models will be quantified. Statistical sampling techniques such as
the Monte Carlo technique are available and will be applied where
appropriate. Statistical sampling techniques under review by the BWIP
include finite order analysis, and stochastic Lagrangian techniques.

5.4 VERIFICATION AND BENCHMARKING OF CODES

A major Performance Assessment activity is the acquisition and/or
development of computer codes. Code verification consists of reviewing
the code to ensure that the software {s developed in accordance with the
requirements set forth and that the software product is free of arrors.
Benchmarking is the process of comparing the numerical results from
different codes. Verification testing is best addressed as an activity
that occurs during the software develapment process. Benchmarking is a
process that is used to develop additionzl confidence in the software.

Both the verification and benchmarking activities will be subject to
external peer review.

Standardization of verification and benchmarking activities will be
accomplished by creating a set of procedures. In support of this-effort,
2 review of existfng {ndustrial and regulatory software standards is
underway. Several 0OE Hanford contractors; the PNL, the Westinghouse
Hanford Company, and Boeing Computer Services, Richland are assisting the

BWIP in this effort. Procedures for verification and benchmarking will be
written during fiscal year 1983.

lopment. The BWIP

The_computer codes are in various stages of development

Performance Assessment codes are divided into two categories: sfte and
engineered barriers. As & general rule, development of the site codes
tends to be further advanced than the development of the engineered
barrier codes. The site hydro geochemical radionuclide transport codes
will be documented, verified, and benchmarked during calendar years 1983
and 1984, The engineered barrier codes and waste package performance

codes will be documented, verified, and benchmarked during calendar years
1984 and 1985.

At the present time, six site codes have been identified that will be
verified and benchmarked. The codes include: PORFLO, MAGNUM-2D and
MAGNUM-30, FECTRA-20 and FECTRA-3D, and CHAINT. PQRFLO and MAGNUM-3D will
be the first two codes verified and benchmarked.
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The PORFLO computer code will be used as a test case for the
verification and benchmarking activities. ODocumentation of the code is
nearing completion. The PORFLO computer code has been verified and is
oresently being benchmarked.

The MAGNUM-3D computer code is presently being documented by the BWIP
with assistance from Boefng Computer Services, Richland, The PNL will
assist the BWIP in the benchmarking effort by performing 2 set of analyses
usin? the FE3DGW computer code. A set of verification and benchmark
problems will be defined and each will be solved using FE3DGW, and
MAGNUM-3D and the results compared. Analysis of the benchmarking problems
using other three-dimensional codes (1.e., SWENT and TRESCOTT) will be
considered. ’

The engineered barrier codes include waste package and repository
computer codes. The primary effort during Fiscal Year 1983 will be to
define the total requirement for ennineered barrier software and secure
the necessary software. Emphasis w111 be placed on the application of
exfsting, as opposed to the development of new software. Computer codes
that are presently under review for waste package performance assessment
include BARIER, WAPPA, ADINA, AOINAT, DAMSWEL, HEATINGS, ANSYS, and
others. Computer codes that are presently under review for repository
seal performance assessment include BETA, DAMSWEL, ANSYS, and others.

5.5 CODE DOCUMENTATION AND PREPARATION OF USER MANUALS

Documentation of the major Performance Assessment codes will consist
of the following:

¢ Technical report
¢ User manual
« Dacumentation of computer code listing.

The technic-! report will contain information on the model theory,
numerical techniques, i¢nd results from the code verification and
benchmarking. The use. manual will contain instructions for use of the
code, sample imput and output for selected test cases, and a cop of the
code listing. The document will be prepared in accordance with the BWIP
procedures written to meat ANS 10.4 (ANS, 1981), NUREG-0856 (NRC, 1981a),
NQA-1 (ANSI/ASME, 1979), and cther applicable guidelines. A system for

continuing documentation, which updates the computer code listing will be
implemented.

A number of computer codes that will be used in the BWIP Performance
Assassment either have "een developed or are under development. For those
codes, it 1s assumed th ¢ it would be difficult to retrofit a computer
code software development procedure. Retrofit of a style guide
{NUREG-0856, NRC, 1981a) might be imposed if necessary for external
review.
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A procedure will be written to guide the development of new

software. The procedure will include instructions for the preparation of
code documentation,

5.6 HMIDEL VALIDATION

Validation consists of demonstrating that the simulation model used
adequately represents physical reality. Model validation is aparoached
using a set of property values taken from laboratory, field data, and
modeling assumptions as imput to the simulation madel, and comparing the
model output to another set of field data. Engineering judgment on the
reasonable magnitude and direction of probatle divergence resulting frem
input assumptions is a eritical step towards completing model validation,
Model validation activities will be subject to peer review.

The approach to validation will depend upon the particular model
addressed. A detailed plan will be grepared for each model to be
validated. The plan will describe all work associated with demonstrating
the adequacy of the model. To the extent possible, validation of
Performance Assessment models will be performed prior to submitting the
license application. Model validation will continue through the
licensing, construction, and operational phases of repository development
to confirm repository performance.

Validation of the BWIP Performance Assessment site models is
scheduled to begin in calendar year 1984. Validation of the engineered
barrier models will be initfated .n 1985, Validation of the repository

systems code will be performed in situ in conjunction with exploratory
shaft operations.

§.7 POSTCLOSURE REPOSITORY PERFORMANCE ASSESSMENT

As discussed in the early portion of this document, *he guidelines
and requirements are chosen at the subsystem level to support overall
criterta through a range of subsystem performances. Varfous combinatiens
of subsystem performance models will be used to assess conmpliance with a
specific criterion. A sumary of the various model subgroups that wiil be
used {s providec in Appendix A. Once an analyeis is completed, the
results are compared {0 the performance requirements and guidelines, I[f
requirements and guidelines are met, it indicates the waste {solation
system §s adequate under the conditions of the analysis. It {s expected
that a variety of analyses will be conducted. Studies on repository
postclosure fsolatfon capability will be directed towards the preparation
of appropriate documantation in support of the license application.
Cantents of the License Application are specifically addressed in
10 CFR 60.21 (NRC, 1982} and 10 CFR 51 (NRC, 1980).

The iterative Performance Assessment process will continue throughout
the design upgrade phase of the project.- The analyses will support design
upgrade using the BWIP current-at-that-time computer codes and models.
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As with the baseline analysis, the analyses will provide strong feedback
upgrading the relatianships of the various subsystems and will flag any
fsolation problems. If the results of the analyses do not meet criteria
or guidalines, then may indicate that additional characterization is

required to refine the analysis, or a repository aor waste package design

change is needed, or possibly the site is unsuitable even with engineered
barriers.

5.8 POSTCLOSURE PERFORMANCE ASSESSMENT SCHEDULE AND INTERFACES

Tha previous sections identified the methodology which «111 de used
to examine the isolation capability of the repository. The analyses «ill
support activities associated with the preparation of design upgrades and
2 license application for repository construction authorization. The
activities in support of design upgrades and a license application are
shown in Fiqure 6.

5.8.1 Design Support - Upqraded Conceptual Design

The methodelogy outlined in Section 5.3.3, “Systems Component
Performance Requirements Allocation®, will be used in support ~f preparing
the ypgrade design eriteria.. The methodology will be used to define
requirements for each of the designed subsystems. Sensitivity analysis
will be used to identify the parameters which have the greatest infiuence

on design. Design requirements will be prepared in response to the needs
identified in the sensitivity analysis.

5.8.2 Postclosure Support for Site Recommendation Report

The postclosure isolation performance ana'ysis will be upgraded for
the Site Recommendation Report. The computer codes used in support of
these analvses will be verified and benchmarked. The anilyses will be
completed v the end of the second quarter of fiscal year 1986.

5.8.3 Postclosure License Aoplication Input

The license application for construction authorizatien will require
input from. the postclosure Performance Assessmant activities. The
postclosure Performance Assessment 2nalyses in support of the preliminary
Safety Analysis Report will use computer codes wnich have been partiilly
validated., The pestclosure input to the license application will be
completed by the end of fiscal year 1986 allowing nine months for review
and approval by tae DOE.
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6.0 MANAGEMENT OF PERFORMANCE
ASSESSMENT ACTIVITIES

6.1 WORK BREAKDOWN STRUCTURE

The BWIP 1s organized in accordance with the approved NWTS work breakdown
structure., This work breakdown structure shows two distinct types of
performance-related activity. The first type of performance evaluation is
conducted by the Waste Package, Site, and Repository End Functions. This
activity includes technical evaluation of how effectively each end function is
completing its assigned work with respect to milestone completion and/or
satisfaction of the issues and work elements as defined in the technica) plans.

The second type of performance-related activity and the subject of this
Performance Assessment Plan lies within the Systems [ntegration and
Performance Assessment End Function and consists of the assaessment of
preclosure and postclosure waste isolation and safety performance with respect
to the total system (enginesred and geoloegic). .

6.2 BWIP PERFORMANCE ASSESSMENT ORGANIZATION

The BWIP Performance Assessment activity is organized such that the
performance efforts of a1l BWIP End Functions are integrated through the
Performance Assessment and Analysis Group.

The Performance Assessment and Analysis Group is responsible for the following
‘aetivities:

e Criteria analysis

o Engineered subsystems performance requirements allocation

¢ Preparation of an initial Perfomance Assesiment baseline and
subsequent Performance Assessments

¢ Selection and characterization of preclosure faflure scenarfos and
postclosure long-term disruptive scenarios

¢ Assurance that the suite of computer codes used in the Performance

Assessment ana.yses are properly documented, verified, benchmarked,
and validated

¢ Definicion of a Performance Assessment data baseline and control of
codes

¢ Development of a Performance Assessment strategy in support of
licensing.
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6.3 NATIONAL WASTE TERMINAL STORAGE PROGRAM INTERFACE

The Office of NWIS Intearation {s responsible for integrating project
Performance Assessment activities. In order to affect this integration, a
plan for Performance Assessment at each of the repository sites has been
requested (DOE/NWTS-2, 1982). The BWIP Performance Assessment Plan has
been prepared in response to that direction.

In addition to preparation of the site-specific Performance
Assessment plans, the Office of NWTS Integration has been given specific
guidance to develop an analytical performance model that can be used to
mathematically describe a disposal system. The model, if applicable, will
be used in suppart of benchmarking activities. In addition, the Office of
NWTS Integration is responsible for providing U.S. Department of Energy-
Headquarters with an overview of Performance Assessment codes/madel
selection made by the projects. This will {iavolve an evaluation of the
total system at each project to ascertain that appropriate codes were

selected and to determine what integrating activities, if any, are
appropriate.

6.4 PEER REVIEW

This Performance Assessment plan and progress will be reviewed by the
EWIP Overview Committes. This committee is chartered to advise the
00E-Richland Qperations Office independently of the BWIP operating
contractor regarding progress towards resolution of issues and completion
of work elements 1dentified in the SCR (Rockwell, 1982), and to.review
procedures, data, and analyses generated by the project. The Overview
Committee also functions to identify program deficiencies and areas
requiring further studies. The BWIP Overview Committee functions as a
third party revieser of BWIP activities and is organized along the lines

of the SCR (Rockwell, 1982) to include members covering the follawing
areas:

Site/licensing

Waste package/geochemistry
Rock mechanics/engineering
Performance assessment.

6.5 SCHEDULE AND MILESTONES

The schedule for Performance Assessment activities and their
interrelationship with the balance of the BWIP technical efforts 1s shown
in Figure 7. The schedule indicates that the major effort of the
Performance Assessment task will be to suppert an improved repository and
waste package design, to support the BWIP input to the Site Recommendation
Report, and to provide input to the PSAR. A 1isting of the significant
milestones associated with the Performance Assessment task and a descrip-
tion of the deliverables is shown in Table 4.
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TABLE &. Performance Assessment Milestones.
{tem Title Description
Date
1 Define proposed The 8WIP approach to veri- 11/31/82
Y/BN procedures fication, benchmarking, and
validation will be out fined.
A list of poteatial Rockwell
and BWIP operating procedures
will be delineated.
2 | Submit Performance The Performance Assessment Plan 12/15/82
Assgssment Plan to will be submitted to “he BWIP
BWIP Directer Director for review. _
3 Complete initial 1ohg- Prepare assessment of total syétem 12/30/82
term baseline assessment | isolation performance versus the
RRC and EPA criterfa. Submit
draft report to OOE-RL. Results
will be used as input to design
optimization studies.
4 1ssue BUIP Performance Issue plan to the DOE-HQ for NWTS 3/31/83
Assessment Plan review and {integratien.
5 Finalize disruptive Complete selection of disruptive 8/31/83
scenarios scenarios.
€ Define uncertainty and Complete review of uncertainty 8/31/83
sens{tivity techniques and sensitivity analysis tech-
niques. Recommend technique to
be used in conjunction with the
EWIP hydrologic model parameters.
7 Complete verification and { Establish final suite of codes 09/30/85

benchmarking of codes

to be used for the PSAR.

V/B/N
BWIP
NRC
EPA

NWTS
PSAR

s Verif{cation/benchmarking/validation

= Basalt Waste Isolation Project

= {§,S. Nuclear Regulatory Commission

= 1,S. Environmental Protection Agency

DOE-RL = U.S, Department of Eneray~Richland Operations Office
0OE-HQ = U.S. Oepartment of Energy-Headquarters

= National Waste Terminal Storige Program

= Preliminary Safety Analysis Report
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APPENDIX A
PERFORMANCE ASSESSMENT CODES

PERFORMANCE ASSESSMENT CODE OESCRIPTIONS

The relationships between codes presently viewed as the principal
components of the BWIP performance assessment system model are shown ina
Figure A-l1. Yarious combinations of the indicated coaes will be utilized,
depending on the specific performance criterion being assessed. in
Figures A-2 to A-6, subgroups from Figure A-1 are highlighted to identify

the portion of the overall system that is applied to particular NRC or EPA
criteria. '

The codes shown in Figure A-1, in addition to cades that may be
incorporated to replace or augment the indicated system, are listed in

Table A-1. Brief descriptions of these codes are presented in the
remainder of this section, .
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TABLE A-1. Summary of Codes for Performance Assassment.
Ground- ‘
Stress/ Radionuclide | Computationa)

Coggg:er Approach strain :?:ﬁr Heat transpart method

COloC JLI JNL JISYNI |AD] DS| S| MC | DE | FE|]FD | AL} OI

Very Near Field
ADINA X X X X 3
ADINAT ) § X X X X 3
BETA X X X X X X 2
DAMSWEL X X X X X X X . 2
ANSYS X X X X X X - X X 3
HEATINGS | X X X X 3
MAGNUM X X X X X X X 2
CHAINT X X X X X X rd
WAPPA X X X X 1
Near Field
PORFLO X X X X X1X X 2
PATH X X X X X 2
Far Field

MAGNUM-30| X X : X 3
PATH-30 X X X 3
FECTRA X X X 3
PABLM X X X X111
LEGEND:
AD=advection Dladimensionality Llalinear properties
Aleanalytical 0S=diffusion MC=multicomponent
CO=cont i nuum Flafinite difference NI=nanisothermal
OCadiscontinuum FEafinite element NLsnonlinear properties
DEadecay chains ISaisothermal Sasingle component



SD-BW1-PAP-001
REV 0-0

C0DE OESCRIPTIONS

VYery Near Field

ADINA. The ADINA code (Bathe, 1978a) is a finite-element code for static
and dynamic displacement and stress analysis of solids and structurés,
The code can perform analyses with linear and nonlinear material
properties that may be temperature dependent. A companion code, ADINAT,
is available for analysis of linear and nonlinear steady-stite and
transient heat-transfer problems, File structures are compatible bstween

the two programs to allow coupled thermomechanical analysis. Code
capabilities of interest are:

¢ Temperature-dependent isotropic and orthotropic elastic material
response

e A curve description model where the instantaneous bulk and shear
moduli are defined as individual functions of the current
volumetric strain; nonsymmetrical stress-strain curves can be
simulated with & tension cutoff or tensile failure option

e Accommodation of a variety of yleld criteria to model plasticity
and may be used in combination with a creep law.

Additional advantages accrue from other code capabilities. Many
discrete elements are available for modeling complex physical boundaries.

Superelements can be used to reduce run costs and at the same time provide
accurate problem representation.

ADINAT. This ccde (Bathe, 1978bJ was developed as a companicn program to
ADINA for the purpose of coupling thermal and mechanical analyses. ADIRAT
provides capabilities for analysis of linear and nonlinear steady-state
and transient heat-transfer problems.. File structures are compatible
between the two programs to allow coupled solutions. Analogies between
the governing equations allow solution of other field prablems such as
groundwater diffusion. Heat transfer within an element is by conduction
with convection and radiztion boundary conditions. Useful general code
capabilities include:

e Capabilities for one-, two- and three-dimensional analyses with
coupling to a mechanical code

e Accommodation of temperature-dependent material properties

s Compatibility with available preprocessors and postprocessors
for presentation of anaiysis results.

This code is widely used because of the capabilities for formulation
of complex models that can be easily modified and upgraded.
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BETA. The finite-element code, BETA, is a modified versior of a computer
code developed by the University of Minnesota. The BETA code is designed
to simulate the thermomechanical response of a continuous rock mass in two
dimensions (i.e., cartesian or cyiindriczl coordinate systems). Stresses
and strains in the rock mass surrcunding the repository are computed 3s
functions of stress boundary zonditions, gravity loads, and transient
thermal conditigns. Heat transpoct through the rock mass is assumed to
gceur by caonduction only; advection of the groundwater and cenvective
boundary conditions are not considered.

The specific governing equations, which may be found in most stress
ana1§ses {Timpshenko and Goodier, 1970) and finite-element texts (Cook,

1981}, are based on elastic behavior. Some of the basic features of the
BETA code are: -

&
¢ A continuous rock mass s represented by quadrilateral
{soparametric elements

e Accommodation of plane stress and plane strain analysis

[ 'Provides option for §sothermal stress calculations and coupled
stress and temperature calculations

¢ Transient heat transfer calculations to accommodate arbitrary
heat source loading

e £Easy and inexpensive to use. .
DAMSWEL . The computer code, DAMSWEL, was developed by Oames and Moore for
thermomachanical analysis (Boonlualohr and others, 1980). Similar in
application to the BETA code, DAMSWEL 1s 2 two-dimensional finite-element

code. ODAMSWEL, however, has the following major differences and
advantages:

o Accommodation of linear and nonlinear rock properties

¢ Requires rock temperatures to be input (rather than solving the
heat equation)

s More advanced computational algorithms compared to those in the
BETA code.

ANSYS. The ANSYS computer code 1s a generalized stress-analysis code
widely used in the nuclear industry. This proprietary computer code
developed by Swanson Analysis Systems, has 2 broad capahility to anaiyze
the thermomechanical response of the basalt rock. Some of the unique
capabilities of this computer code are:

o Accommodation of a continuous and jointed rock mass

e Capacity to analyze stresses and strains in two or three
dimensions ,
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¢ Generalized to simulate coupled heat and stress transients
e Can consider linear and nonlinear rock properties.

HEATINGS. 7his code is designed to solve steady-state and/or transient
heat conduction in one, two, or three dimensions. The principal
application of HEATINGS in performance analysis studies is to model the
thermal enviroment surrounding the waste package. The governing
equations, finite-difference technique, and boundary conditions may be
found in Turner and others, (1977). Some of the general features and
capabilities of this code are:

¢ Generalized to accommodate cartesian, cylindrical, or spherical
coordinate systems

e Accommnodation of temperature-dependent thermal properties
¢ Handles a wide variety of boundary conditions.

MAGNUM.. MAGNUM {15 a two-dimensional finite-element code designed to
simulate transient groundwater flow and heat transport in fractured-porous
rock systems, The theoretica] framework of the code is based on concepts
for 2 porous continuum and for discree conduits. In particular, a
dual-porosity approach is used to represent the continuous rock mass,
where flaw through planar conduits is described by Pojseuille's equation.
The governing equations &nd finite-element solution techniques are
presented by 8aca and others (1981b). The principal features of the
MAGNUM code are as follows:

¢ Continuous rock mass represented with isoparametric finite
elements; line elements embedded along the sides of
two-dimensional elements to represent discrete fractures

e Accommodates complex stratigraphic features with variable media
properties

# Provides options for coupled or uncoupled solutions of heat and
flow equations

¢ Flow-fleld calculations provided for input to pathline and
transport models.

CHAINT. The CHAINT code simulates multicomponent radionuclide transport

in & fractured-porous medium. The processes modeled include advection,
dispersion/diffusion, sorption, chain-deczy coupling, and mass release.

The computational method is based on a finfte-element solution of the
system of equations. Coatinuum portions of the medium are modeled as a
single-porosity system, using two-dimensional isoparametric elements.
Discrete features are modeled using isoparametric line elements that are
embedded along the sides of the two-dimensional elements. Principal inputs

~
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to this code are the groundwater-flow calculations obtained with the

MAGKUM code (or a compar:t:i- nonisothermal flow model). The CHAINT code
has the following major features:

¢ Generalized to handle any combination of nuclides (actinides,
fission, or activation products) with different half-lives

¢ Accommodates subzone calculations in which the region of active
nodes, within the finite-element mesh, 1s varied with time as
the problem progresses

¢ Second-order accurate and fully implicit,

The CHAINT code has been verified with boundary-value problems and
benchmarked with the PORFLO code. Additional work is proceeding to reduce

computational times and to validate the transport model using experimental
data.

WAPPA. The WAPPA code is 2 generalized waste-package performance code.
The WAPPA code is an extended version of an earlier code, BARIER (Lester
and others, 1979), with greater capabilities to describe corrosion,
radiation effects, thermomechanical response to the canister, and leaching
of the waste form. Assumptions include:

e Constant repository temperature
¢ Completely resaturated repository

o Zerc initial radionuclide concentration in water outside of

package. (This implies large volume of water and/or high
near-field water-turnover rate)

¢ Corrosion rates dependent on temperature ranges and radiatfion
level (i.e., l1near corrosion)

e Uniform stress field around the package
¢ Intact backfill at all times.

Although the WAPPA code will provide a very general predictive
capability, some modification of the code is anticipated to model basalt
conditions. For example, modifications may include: (1) capability to
handle temperature history at the waste package/basalt interface, (2)
consideration of desaturation/resaturation phenomena, (3) laberatory
bulk-corrasion data, and (4) solubility limitation of waste-form
dissolutien,

Near Field

PORFLO. PORFLO is a finite-difference code with options for modeling the
coupled processes of groundwater flow, heat transfer, and radionuclide
transport. The code is applicable to porous media or highly jointed rock
systems that may be represented as an equivalent porous continuum. The

A2



S0-BWi-PAP-001
REV 0-0

finite-difference method is dased on & nodal-point integration technique
ased ‘n c.1junction #ith an alternating-direction isplicit method.
Additional description of this code is contained in Baca and others
‘19812'., Major features of the PORFLO computer code are:

¢ Simple and inexpensive to use
e Ensures energy and mass conservation at the grid-block level

s Comoutes tota! activity crossing specified boundaries for the
simulition geriod.

PATH. Ysing the numerical results from a two-dimensional groundwater
mode!, PATH computes the .athlines or streamlines for an arbitrary set of
starting peiqts in the study region. In 3ddition to computing the
particie t-zjectories, the code computes the cumulative time of travel
2*ong each irajectory {i.e., trave) times). The program solves the -
sathline equations on 2 finite-element grid network, theraby tracing the

particle trajectyry from element to element. Major features of the PATH
code are:

& Solves pathline equations using & predictor-corrector algorithm
tnd finite-element shape functions

e Accommodates two-dimensional isoparametric elements with
one-dimensional line elemants

e Graphic output with options provided for superimposing the
finite-element mesh, rock-type boundaries, as well as plots for
subzone grids.

The PATH computer code is designed for interactive use on a standard
graphics terminal, Versions of this program are currently interfaced with
the MAGNUM and PORFLO computer codes.

Far Field

MAGNUM-3D. The MAGNUM-3D code was developed to solve the
three-dimensfonalt (30) form of the groundwater flow equation, using the
same fundamental numerical procedures as the MAGNUM code. MAGKUM-3D {s
limited to isothermal conditions; future versions may consider
three-~dimensional nonfsothermal affects &s needed. The code is based on
the continuum theory of porous media and 1s designed for analysis of flow
patterns in large-scale groundwater basins, Some of the important
features of MAGNUM-3D are:

e Accommodates complex three-dimensional geometry through the use
of various three-dimensional isoparametric finite elements
(e.g., tetrahedrons and parallelepipeds)

e Considers different types of boundary conditions (e.g.,
specified heads and/or fluxes)
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s Provides a three-dimensional flow field for input to pathline
and transport codes. :

PATH-3D., The PATH-3D code is similar to PATH except that it calculates
Three-dimensional pathlines or streamlines. It is interfaced with the
MAGKUM-3D code.

FECTRA. The FECTRA code analyzes radionuclide transport in porous media.
This code is based on the dual approach that considers the interaction of
the mobile and immobile radionuclide components. The theoretical
framework includes advection, dispersion/diffusion, sorption, decay, and
mass release of & single species. The code was ariginally developed for

application to the partially saturated flow regime. Basic features of
FECTRA are:

e Two versions available (two-dimensional and three-dimensional),
using various {soparametric finite elemants :

e Second-order accurate and fully implicit numerical techniques
s Verified and benchmarked to a limited extent

s Accomodates complex stratigriphic features with vartable media
properties

e Provides options for coupled or uncoupled solutions of heat and
flow equetions

e Fldw-field calcu ations provided for input to pathline and
transport models.

The FECTRA code is designed to be interfaced with a three-dimensional
fluid-flow code such as MAGNUM-3D, as well as for far-field radionuclide
transport.

PABLM, The PABLM code computes radfation doses to man from ingestion or
contact with radfonuclides (Napier and others, 1980). The code is
intended for linkup with the output of a far-field transport code; PABLM
then analyzes distribution in the biosphere and uptake by humans.
Principal features of PASLM in¢lude:

e Accommodates deposition from groundwater or atmospheric release
e Considers radicactive decay .

¢ Computes maximum man or population exposures

e Considers wide range of ingestion and contact pathways.

The codes described above represent an integrated set of codes
specifically applicable to modeling a repository system in basaltic rock.
The complete set of codes provides a predictive capability for use in
evaluating compliance with regulatory requirements. A high degree of
flexibility exists such that new submodels can be easily included in the
mode1ing methodology.
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APPENDIX B
GLOSSARY

The preclosure and postclosure boundary conditions for some of the
terms defined herein, and an illustration of their usage are shown in
Figures B-1, B2, and B-3. The relationship of a projected dose criteria
with other doses mandated for fuel cycle operations, and general exposure
limits for individuals in the country is illustrated in Figure 8-4. As
the regulatory requirements change, there w.11 be a need to modify some of
the definitions.



. S0-8WI-P*P-001

FERIPHERY QF REV 0-0
UNOERGRQUND
~ 10km WOARKINGS
SSNTROLLED
AREA
SURFACE FACILITIES
END QF PIPE
. (CPEN TO GENERAL
ENVIRQNMENT) -
!
I EXCLUSION
; !“‘ ZONE FENCZ
: ' )
! I
1 ‘
i 1
REPOSITORY SUBSYSTEM ===t o, - f }q—- SITE SUBSYSTEM oo
: Y . (GEOLCGIC SETTING)
i N | 3 ]
] REPOSITORY WORKINGS S = ENGINEERED SYSTEM
UNDERGAROUND
) A

. | .
DAMAGED ROCK ZONE

Eaey

FIGURE 8-1. Preclosure Boundary Conditions for the Waste Isolation System.



SD-BWI-PAP-Q0L
REY 0-0

ACCESSIBLE ENVIRCNMENT

v SURFACE 1
- e - Iy m cees e ot £ Cnate. R e ..:.-.. 10 53“—..:.- 30 ses
T = TR Y
SITE SUBSYSTEM SITE SUBS''STEM
Faniinl| SUBSYSTEM { GEGLOGIC SETTIN
i . CONTROLLED ARE
vy
7as
722220
APPROX. 0.5kn

FIGURE 8-2. Postclosure Boundary Cond'tions for the Waste Isolation
System.

68



: $0-8W1-PAP-001

REV 0-0
o 'L..,HL
nd “
.HJJ "
{
~ |
. !
o “
COLUMBIA RIVER
_!J"rr ACCSSSIELE’ \ A

ENVIRCNMENT .
3

Swed onstiy MRED Sonfit CISYR antE MEuth SOED guuss Gk S SeEmh RO

e o e e e e e e e e ]

L-' HANFORD SITE S8CUNRBARY

i
-~ &
h_;—o-- —51
seAS .
MILES 6 1 1 3 4 \1
w
CILOMETERS ; 2 .:. < ] ; ‘-l'\__,‘

S way SN

FIGURE B-3. ODefinitien of Controlled Area and Accessible Eavironment.

€9




REV 0-0

SO-BWI-PAP-001

(W3UW 031 - 5 N
SNOILYNINVXE TVII0INW w/h/
N

(WSHWSZ) STILALY _ L
31042 /.4 HYZIINN J0 NOILVHILO

{W3uK 3) NOILVHIJO ONIENG
AHO011S0434 WOHJ 3500 U35040Ud

MREM }---

Annual Dose from Various Events/Conditions.

FIGURE B-4.



SD-BWI-PAP-001
REV 0-0

accessible environment —- means the atmosphere, the land surface, surface
waters, oceans, and the parts of the lithosphere that are more than
10 kilometers in any direction from the original location of any of
the radioactive waste in 2 disposal system. (DOE, 1983)

sdjoint — a sensitivity analysis technique.

anoxic — a general term meaning in the absence of oxygen, usually
mplying reducing conditions,

anticipated orocesses and events — those nati.-qi processes and events
that are reasonably likely to occur Juring the period in which the
intended performance objective must be achieved. To the extent
reasonable in the light of the geologic record, it shall be assumed
that those processes operating in the geclogic setting during the
Quaternary Period continue to operate but with the perturbations

caused by the presence of emplaced radioactive waste superimposed
thereon,

as low as reasonably achievable (ALARA) — refers to limiting release and
exposure and 1s used by the NRC (1980a, 1980b, 1981) in the context
of “... 85 low as reasonably achievable taking into account the state
of technology, and the economics of improvements in relation to

benefits to the public hezlth and safety and other societal and
socioeconomic considerations...* '

baseline — that body of information which, in the aggregate, defines a
project as it exists ot a specific time. Typically, this concept is
utilized as & management device to control project content
(technical, cost/schedule, contractual).

benchmark ing of computer codes — code-to-code comparisons in which
sTrulations cotained with BWIP codes are compared to those obtatned
with other available codes. The test cases used for benchmarking
will use data representative of the actual repository setting.

Benchmarking is complete when a reasonable consensus between
fndependent code predictions is achieved.

BWIP -- Basalt Waste [solaticn Project.
BWR -- boiling water reactor.
candidate repository horizon — a rock layer; e.g., a basalt flow with

sufficient favorabie properties to be designated as a potential host
rock for a nuclear waste repository.
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canister -- (as related to radiocactive materials) the primary metal or
ceramic container for remote-handled solid transuranic waste,
high-level waste, or spent fuel. The canister affords physical

containment for the waste, but is not primarily designed to provide
shielding.

CHLR -- commerc¢ial high level waste.

colonnade -- in columrar jointing, the lower portion of a basalt flow that
structurally has thicker and better formed columns than the upper
portion (or entablature). The colonnade may also occur in the upper
third of a flow (directly below the flow top).

containment -- means confinement of the radicactive wastes within
prescribed boundaries (e.g., within a waste package}. (ODOE, 1983)

controlled area (as used by NRC) -- a surface loccation extending
horizontally no more than 10 km (6.7 miles) in any direction from the
edge of the disturbed rock zone and the underlying subsurface, which
area has been committed to use as a geologic repository and from
which incompatible activities would be restricted following permanent
closure (NRC, 1981b). The outer edge of the controlled area marks
the inner edge of the accessible environment.

¢criterion -- a standard rule or test by which something can be judged.

curie ~- 2 unit of radioactivity defined as the amount of a radioactive
material that has an activity of 3.7 x 100 disiggegrations per
second; millicurie = 10-3 curie; microcgzie = 10-6 curie,
nanocurie = 10-9 curie; picocurie = 10=:% curie.

DHLW -- defense high level waste.

distribution coefficient =~ the ratio of the concentration of a solute
sorbed Dy jon exchange substances such as Earth materials,
particularly clays, to the concentration of the solute remaining 'n
solution. A large distribution coefficient implies that the
substance is readily sorbed and 1s redissolved slowly. The
concentration of a material in the solid phase ({.e., rock or

sediment) (moles per iram) divided by the concentration of material
in the aqueous phase (moles per liter). .

disturbed rock zone -- means that porticn of the contrelled area whose
physical or chemical properties have changed as a result of under-
ground facility construction or heat generated by the emplaced
radicactive waste such that the resultant change in properties may
have a significant effect on the performance of the geolegic
repository. {DOE, 1883)
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00E — U.S. Department of Energy.

earthquake swarm — a series of minor earthquakes, none of which may be
identified as the main shock, occurring in a limited area and time.

Eh — 2 measure of the oxidation reduction potential (volts); the
difference in potential measured in a cell having both oxid'zed and
reduced form of an element (measured) and the standard hyd ogen
electrode potential.

engineered barrier -~ means manmade components of a disposal system
designed to prevent the release of radionuclides into the geologic
medium involved; such term includes the high-level radioactive waste
form, high-level radioactive waste canisters, and ~ther materials
placed over and around such canisters. (D0E, 1983) R

engineered subsystem — (1) the underground facility, waste package, shaft
and tunnel seals, tunnel backfill, and disturbed rock zone caused by
excavation or from the high heat pulse generated by the emplaced
radioactive waste. (2) The waste package plus the underground
facilities, including the envelope of rock to *.e maximum extent of
the 1009C isotherm.

Environmental Report -~ a detailed document that is submitted to the KRC
as part of the license application., The document provides 2 detailed
description of the expected environmental impacts associated with a
proposed construction project, in this case a nuclear waste

- repository in basalt.

EPA — U.S. Environmental Protection Agency.

exclusion area — that area surrounding an individual nuclear facility in
which the licensee has the authority to determine all activities
including exclusion or removal of personnel and property from the
ar::i The BWIP has defined this as the outer fence of the surface
work ings.

flow top -~ the uppermost portion of a basalt ¥low, which consists of
' vesicular and rubbly-to-brecciated basalt.

foldbelt — 2 linear region that has been subjected to folding
and deformation.
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aroungwater - subsurface water existing in the saturated zone, including
Jnderground streams.

groundwater travel time — the time required for groundwater to flow 2long
3 path length,

horizon — (1) in geology, 2 giveu definite position or interval in the
stratigraphic column. (2) In this document, a specific underground
level, altitude, or elevation,

hast rock - means rock within which radiocactive waste ts emplaced for
disposal. (DOE, 1983)

hydraulic potential (or hydraulic head) - a measure of the mechanical
energy per unit mass of flutd present at a given point within a
porous medium. For groundwater flow systems the parameter {is
generally determined in the field by measuring the elevation of water
within tightly cased wells or by measuring the pressure within a

hydraulically isolated partion of a borehole or well. Generally
expressed in units of length.

hggroaeologic unit — any soll or rock unit or subsurface zone that has a
stinct uence on the storage or movement of groundwater by
virtue of its porosity or permeability.

hydrological regime == the distributfon, characteristics, and

inter-rejationships of the agueous components of the geologic
environment.

Hydrolagic modeling -~ the process of using a mathematical representation
of a hydrolagic system (as embodied in a computer code) to predict
the flow of groundwater and the movement of dissolved substances.

hydrologic transport - transpart of solutes through a geologic farmation
due to movement of groundwater.

important to safety — (NRC, 1981a) with reference to structures, system,
and components means those engineered structures, systems, and

components essential to the prevention or mitigation of an accident
that could result in a radiation dose to the whole body, or any
organ, of 0.5 rem or greater at or beyond the nearest boundary of the
controlled area at any time until the completion of permanent closure.

isolation — means inhibiting the transport of radicactive material in the
subsurface so that the amounts and concentrations of this material
entering the accessible environment will be kept within prescribed
limits. (DOE, 1983)
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license spplication — 3 document showing that the nuclear facility and
ts safety-related systems, with reasonable assurance, can be

cperated without undue risk to the health and safety of the public

and with adequate provisions for the protection of property and the
environment.

licensing — the process of obtaining the permits and authorizations from
responstble federsl, state, and local regulatory agencies required to
site, construct, operate, and decommission a repository. Includes
preparing required docemntation, submitting it to the appropriate
agencies, responding to agency requests for additional information,
and testifying as necessary at public hearings. Within the licensing
framework, 3s defined in statutory requirements, approved permits or

licenses must be available prior to the commencement of the activity
invalved,

mode) — means conceptual definitions and associated mathematical repre-

— sentations that simulate the response of a repository system under
natural or perturbed conditions. An example is 2 hydrologic model to
predict ground-water travel or radionuclide transport from the waste

- emplacement area to the accessible.environment.

multibarrier system == cancept of using the waste form, the container
!can?ster;. the overpack, the emplacement medfum, and surrounding
geolcgic media as multiple barriers to isclate the waste from the
biosphere. A multi-barrier system is a system of barriers, operating

independently or relatively independently, which acts to contain
andfor isolate nuclear waste.

NRC — U.S. Nuclear Regulatory Commission.

NWTS Program — National Waste Terminal Storage Program.

ONI — Office of NWTS Integration.
ONWI — Office of Nuclear Waste Isolapion.

Pasco Basin -~ a structural and topographic basin within the western
olumbia Plateau. The Hanford Site is located within the Pasco Basin.

pathway — (as related to waste management) possible or potential routes
by which wastes might reach the accessible environment.

performance assessment — performance assessment is the prediction of
component and system behavior relative to the ability to contain and

fsolate wastes 1n accordance with applicable standards and
requirements. Performance assessment includes both preclosure and
postclosure 2nalyses.
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performance confirmation — (NRC, 198la) the program of tests, experiments,
and analyses which is conducted to evaluate the accuracy and adequacy
of the information used to determine assurance that the performance
objectives for the period after permanent ¢losure can be met.

permanent closure — (NRC, 198la) final backfilling of the underground
tacility and the sealing of shafts and boreholes.

permeability (permeable) (K) — a material's or rock's capacity for

transmitting a fluid under a hydraulic gradient. It is approximately
equivalent to hydraulic conductivity.

oH — & measure of the relative acidity or alkalinity of selution; a
neutral solution has pH of 7, acids have pH's of less than 7, and
alkalies have pH's of greater than 7. pH = -log H" where H*
fs the hydrogen fon activity in solution.

porosity — usually expressed as a percentage of the volume, Vp, of the
pore space in a rock to the volume, Vr, of the rock, the latter
volume including rock material plus void space.

v
porosity = n = V!' where ¥« volume of voids and V. = total volume
T

preclosure period — the period of time from the inception of construction

activities, including waste emplacement and monitoring through the
end of permanent closure activities.

ostclosuré - the period of time beginning at the end of the operations
phase and ending 10,000 yr later.

PWR -~ pressurized water reactor.

radionuclide retardation factor — 2 characteristic (usually chemical) of
the hydrological or geochemica. regime that slows the migration or
transport of a radionuclide by sorption or other processes. The
radionuclide retardation factor gives the ratio of the groundwater
velocity %o the solute velocity.

reasonahly achievable (to the extent) — that which is shown to be
reasonable considering the costs and benefits of potential mitigative
measures or reasgnable courses of action in accordance with

requirements of NEPA (1970) and CEQ (1978). (See alsoc as low as
reascnanly achievable (ALARA).)

reasgnably forseeable releases — (as used by the EPA (1981)) releases of
= radigcactive wastes to the accessible enviromment that are estimated
to have more than one chance in 100 of occurring within 10,000 yrs.

repository {federal) — a federally owned and operated facility for
storage or disposal o’ specific types of waste from J0E sites and/or
commer¢ial nuclear operiations.
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repository subsystem — the configuration of man-made features designed to
dct in harmony with the natural system to provide long-term

containment and isolation of nuclear wastes and tc provide for
receipt, inspection handling, emplacement, and potential retrieval of
wastes during the operating phase.

risk - the product of probability and consequence of an event.

Safety Analysis Report — 2 safety document showing that the facility and
Ets sa¥ety-reiated systems can be operated with reasonable assurance

of no undue risk to the health and safety of the public and with
adequate provisions for the protection of property and the
environment,

scenario — 2 particular chain of hypothetical circumstances often used in
performance analysis to model possible events.

sensitivity analysis — 2 sensitivity analysis is a systematic modeling
pracEﬁure Tn which the model parameters (coefficients, boundary
conditions, source terms, etc.) are varied over some range of
{nterest and the response of model {s observed. The objective of a
sensitivity analysis are: (1) to identify the most important
parameters influencing the model predictions; and (2) to relate the
change in model output to unit changes in model {nput.

site 5ua11f1cat1on - 311 scientific and engineering investigations
esigned to ascertain that a specific site has characteristics that

will permit a repository facility to be licensed at that site.

site subsystem — the zone between the accessible environment
and the disturbed rock zone. (Comparable to NRC's “controlled area®
and the geologic setting.)

sorption — the binding, on a microscopic scale, of one substance to
anether, such as by adsorption or fon exchdange. In this document,
the word is especially used in the sorption of solutes, such as
dissolved radionuclides, onto aquifer solids or waste package
materials. This occurs by means of close-range chemical or physical
forces.

sogrptive capacity - the measure of a material's ability to sorb specific
constituents from a liquid as it passes through the material.

subsurface facility — the underground portions of the geclogic repository
operations area including openings, backfill materials, shafts,
tunnels, and boreholes, as well as shaft, tunnel and borehole seals
until the time of preliminary closure.

— (as defined in 10 CFR 60 (NRC, 1981b)) the underground
portions of the geologic repasitory operations area including
openings, backfill materials, shafts, and boreholes as well as shaft
and borehale seals.
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terminal storage -- isolation and storage of radiocactive waste operations
Tor which no subsequent waste treatment or transportation operations
are anticipated.

transmissivity -- a coefficient relating the volumetric flow through a
unit width of material to the drivin? force (hydraulic potential); a
function of both the porous medium, fluid properties (including
viscosity), and saturated thickness of the aquifer. Mathematically,
it is the product of hydraulic conductivity and the thickness of the

zone of the aquifer being measured. It s measured in square feet
per day or equivalent units.

unanticipated processes and events -- {NRC, 1981a) those processes and
events a?gecting 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 nevertheless sufficiently
credible to warrant consideration. Unanticipated processes and .
events may be efther natural processes or events or processes and
events initiated by human activities other than those activities
Heensed under this part. Processes and events initiated by human
activities may only be found to be sufficiently credible to warrant
consideration if it 1s assumed that: (1) the monuments provided for
by this part are sufficiently permanent to serve their intended
purpose: (2) the value to future generations of potential resources
within the site can be assessed adequately under the applicable
provisions of this part; (3) an understanding of the nature of
radiocactivity, and an appreciation of {ts hazards, has been retained
in some functioning institutions; (4) institutions are able to assess
risk and to take remedial action at a level of social organization
and technological competence equivalent to, or superior to, that
which was applied in initiating the processes or events concerned;
and (S) relevant records are preserved, and remain accessible, for
several hundred years after permanent closure.

uncertainty analysis-- (as used in modeling). An uncertainty analysis is
a statistically based procedure which provides uncertainty bonds in
model prediction. The analysis approach generaily requires a
characterization of the uncertainty in model input data (in terms of
means and variances, and quantifies the propagation of uncertainty in
uncertainty of such variables 2s groundwater travel time,
radionuclide concentration, and dose water.)

uncertainty analysis -- (data evaluation) A statistically based procedure
appTieﬁ to ‘anratory or field data (hydrolo?ic. geologic, and/or

chemical, among others) to cbtain a description of its spacial or
other variability. Other description in general provided in terms of
2 standard statistical distribution such as a normal or log normal

distribution and can be expressed in terms of prevision and/or
accuracy.
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validation of computer codes — the method of assessing that the code
indeed ret lects the behavior of the real world (j.e., that the map is
an adequate accurate description of the territory).

verification of computer codes/models — testing a code with analytical
solutions for éaeaiized boundary value problems. A computer code
will be considered verified when it has been shown to solve the
boundary value problems with sufficient accuracy. This testing

process provides a check on both the computer coding and the
numerical approximations to the mathematical model.

very uniikely releases — (EPA, 1982) releases of radioactive wastés to
the accessible environment that are estimated to have a chance of

occurring within 10,000-yr of less than one in 100 and more than one
in 10,000.

waste isolation system -- the entire repository, or mined geological
disposal system ccnsistin? of the site, waste package, and repository
subsystem. The waste isolation system s bounded by the accessible
environment. The terms "mined geologic disposal system* (NWTS,
DOE/NWTS-2, 1982) and "waste isolation system® (BWIP) are used
interchangeably.

waste package — the sealed canister and overpack (if present), which
includes the waste form, as well as the enclosing envelope that
separates the waste from the unexcavated rock and the repository
backfill. The enclosing envelope may include the canister, buffer or
shielding, overpack, and discrete backfill in the emplacement hole,

- and any other structures, enclosures, or materials reaching to the

surface of the rock {borehole emplacement) or tunnel wall {for tunnel
emplacement).

In
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APPERDIX C

PERFORMANCE CRITERIA FOR A NUCLEAR
WASTE REPOSITORY IN BASALT

(EXCERPTS)
PREEMPLACEMENT
10 CFR 60.113 (2) Geologfc setting. The geolegic repository
.(NRC, 1982) shall be located so that pre-waste emplacement
roundwater travel time along the fastest path of
?1kely radionuclide travel from the disturbed zone
to the accessible environment shall be at least
1,000 yr or such other travel time as may be
approved or specified by the Commission.
PRECLOSURE

10 CFR 60.111 gag Protection against radfiation ex@osures and

(NRC, 1982) releases of radiocactive material. e geologic
repository operations area shall be designed so
that until permanent closure has been completed,
radiation exposures and radiation levels, and
releases of radioactive materials to unrestricted
areas, will at all times be maintained within the
limits specified in Part 20 of this chapter and
such generally applicable environmental standards
as may have been established by the Environmental
Protection Agency.

40 CFR 191.03 Standards for normal operations. Operations

(EPA, 1982) covered by this subpart should be conducted so as
to reduce expasures to members of the public to
the extent reasonably achievable, takirg into
account technical, social, and economic
considerations. As an upper limit, except for
variances in accordance with 191,04, these
operations shall be conducted in such a manner as
to provide reasonable assurance that the combined
annual dose equivalent to any member of the public
due to: (1) operations covered by Part 190,
(11) planned discharges of radioactive material to
the general environment from operatfons covered by
this Subpart, and (1i1) direct radiation from
these operations; shall not exceed 25 millirems to
the whole body, 75 millirems to the thyroid, or
25 millirems to any cther organ,



POSTCLOSURE

16 CFR 60.113
(NRC, 1982)

10 CFR 60.112
(NRC, 1982)

10 CFR 60.113
(NRC, 1982)

40 CFR 191.13
(EPA, 1982)
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(A) Containment of HLW within the HLW waste
package will be substantially complete for a
period of 1,000 yr after permanent closure of the
geologic repository, or such other period as may
be approved or specified by the Commission.

Overall system performance objective for the
eologic repository after permanent closure. The
geologic setting sEali be selected and the engi-
neered barrier system and the shafts, boreholes
and their seals shall be designed to assure that
releases of radicactive materials to the accessible
environment following permanent closure conform to
such generally applicable environmental standards
as may have been established by the Environmental
Protection Agency with respect to either antici-
pated processes and events or unanticipated
processes and events. For disposal in the
saturated zone, both the partial and complete
filling with qroundwater of available void spaces
in the underground facility shall be included
among the anticipated processes and events.

(B) The release rate of any radionuclide following
the containment period shall not exceed ome part
in 100,000 per year of the inventory of that
radicnuclide calculated to be present at 1,000 yr
following permanent closure, or such other
fraction of the inventory as may be approved or
specified by the Coom{ssion; provided, that this
requirement does not apply to any radionuclide
which is released at a rate less than 0.1% of the
calculated total annual release at 1,000 yr
following permanent closure.

Projected Performance Requirements (a) ODisposal
systems shall be designed to comply with the
projected performance requirements of this section.
If performance assessments are used to determine
compliance with these projected performance
requirements, these assessments should consider
realistic projections of the protection provided
by all of the engineered and natural barriers of a
dispasal system. These requirements are upper
1imits. In accordance with Appendix A, the
implementing agency should establish siting and
design objectives which will reduce releases as
far below these limits as reasonably achievable,
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10 CFR 60.134
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(b} Disposal systems for high-level or transuranic
wastes shall be designed to provide a reasonable
expectation that, for 10,000 yr after disposal:

{1) Reasonable foreseesble releases of waste to
the accessible envirenment are projected to be

Tess than the quantities calculated according to
Appendix 8. (2) VYery unlikely releases of waste
to the accesstble enviromment are projected to be
lags than ten times the quantities calculated
according to Appendix B.

Performance of particular barriers after permanent
closure. (a) Eenernl provisions, (1) kngineer
barrier system. (1) The engineered barrier system
shall be designed so that assuming anticipated
processes and events, (a) contaimment of HLW will
be substantially comlete during the period when
radiation and thermal conditions in the under-
graund factlity are dominated by fission product
decay; (b) any release of radicnuclides from the
engineered barrier system shall be a gradual
process which results in small fractfonal releases
to the geologic setting over long times.

pesign of seals for shafts and boreholes. (&)
General design requirement. seals tor shafts and
toreholes 55511 be designed so that followina

permanent closure they do not become pathways that
will compromise the geologic repository's ability

. to meet the performance cobjectives of 60.112

and 60r113. (b) Selection of materials and place-
ment methods. Materials and placement methods for
seals shall be selected to redu., to the extent
practicable, (1) the potential for creating 2
preferential pathway for groundwater; or (2)
radioactive waste migration through existing
pathways.

HN
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Cumulative Release Limits to the Accessible
(40 CFR 181) (EPA, 1982)

Radionuclide Release 1imitd
(CY per 1,000 MTHM)
24IMer1c1m 10
283pmer ictum 4
Wcarbon , 200 |
135¢esium " 2000
137¢asium > 500
237Neptunium 20
238p1ytonium 400
23% 1utonium 100
240p1ytoniun 100
242p1ytonium 100
226Rad{um 3
Qstrontium g0
99Technet1um 10,000
1267in . &
Any other alpha-emitting radionuclide 10
Any other radionuclide that
does not emit alpha particles 500

3For each isotope.

MTHM = Metric tons heavy metal.

NOTE: In cases where a mixture of radionuclides is projected to be released,
the limiting values shall be determined as follows: For each
radfonuclfide in the mixture, determine the ratio between the cumulative
release quantity projected over 10,000 yr and the limit for that

radionuclide as determined from Table C-l.

The sum of such ratios for

all the radionuclides in the mixture may not exceed one.

Foér example, if radionuclides A, B, and C are projected to be released

in amounts (, Qg,
and

are RL,,
10,0005 sh

A
[~
)

all be 1

+ 0,0

g R

and Q., and 1f the applicable Release Limits
then the cumulative releases over
ted so that the following relationship exists:
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APPENDIX O

PROPOSED GENERAL GUIDELINES FOR THE
RECOMMENDATION OF SITES FOR NUCLEAR
WASTE REPOSITORIES (DOE, 1983)

The repository operations area shall be sited and
designed to comply with the limits established by
the Nuclear Regulatory Commission im 10 CFR 20 and
by the Environmental Protection Agency fn the
proposed 40 CFR 191, Subpart A, Environmental
Standards for Management and Storage. A site
shall be disqualified if during site investigation
it becomes clear that the site, together with
state-of -the-art engineered systems and contraois,
will preclude a repository at that site from
complying with 10 CFR 20 and the proposed

40 CFR 191, Subpart A.

a. Favorable Conditions

1. A combination of meteorological conditions
and low population densities such that
few, if any, members of the general public
would be exposed to radiation due to
emissions during repository operation.

2. Absence of contributing radfo2ctive
releases from other nuclear facilities
governed bty 40 CFR 190 or the proposed
40 CFR 191 that would require considera-
tion in accordance with 40 CFR 191.03.

b. Potentially Adverse Conditions

1. Presence of other nuclear facilities
governed by the proposed 40 CFR 191 with
actual or projected releases at or near
the maximum value permissible under those
standards.

2. Proximity to populated areas that could be
routinely affected by repository effluents

considering prevailing meteorclogical
conditions.
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The site and engineered systems shall provide
reasonable assurance that, after the permanent
closure of the repository, credible postulated
releases of radioactive materials to the
accessible environment will not exceed the
quantities of radicactive materials that may enter
the environment as specified in the proposed

40 CFR 191, Subpart B, Environmental Standards for
Disposal.

A site shall be disqualified if the characteris-
tics that influence radionuclide transport are too
complex to allow reasonable confidence of com-
pliance with the proposed 40 CFR 191.13 whan
considered in conjunction with state-of-the-art
engineered systems, including those required under
10 CFR 60.113.

a. Favorable Conditions

1. Ground-water travel times to the
accessible environment of more than
10,000 years.

2. Geochemical conditions or ground-water
volumetric flow limits that limit
radiouciide releases.

3. A geologic setting that is easily
characterized or modeled with existing
perfarmance-assessment techniques.

b. Potentially Adverse Conditions

Geologic settings, site geometries and
characteristics, and radionuclide-transport
characteristics that are extremely difficult
to characterize and model.

Studies to identify potential reposttory sites will
consider several geclogic media, different hydro-
geologic settings, and lands already dedicated to
the nuclear activities of the Federal Government.
To the extent practicable, sites recommended for

detailed characterization shall be in different
geologic media.
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The DOE shall provide to State officials and to the
governing bodies of any affected Indian Tribe
timely and complete information regarding both
plans and results concerning all phases of site
evaluation, investigation, and characterization
and the development of a geologic repository.
Written responses to written requests for
information from officials of affected states or
ggdian tribes will be provided within no more than
days.

In performing any aspect of the geologic
repository progrm, the DOE shall consult and
cooperate wth the governor and the legislature of
an affected State and the governing body of an
affected Indian tribe in an effort the resolve
concerns regarding public health and safety,

‘environmental, and economic impacts of any

proposed repository.

. If requested, or after notifying states or Indian

tribes that potentially acceptable sites have been
{dentified within 2 State or tribal land, the DOE
shall seek to enter into binding written agree-
ments to specify procedures for consultation and
cooperation with the affected State or Indian
tribe.

Environmental impacts shall be given due considera-
tion throughout the site~-characterization and
site-selection processes. The environmental
assessments that accompany the nomination of sites
shall include the following items as specified by
Section 112 of the Act:

(1) an evaluation as to whether the site under
consideration is suftable for site
characterization under these siting
guidalines;

(11) a preliminary evaluation as to whether the
site under consideration would be suitable
for a repository by comparison to those
siting quidelinas that can be invoked with-
out the results of site sharacterization;
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(1i1) an evaluation of the effects of site
characterization activities on the public
health and safety and the environment;

{(iv} & reasonable comparative evaluaticn of the
site under consideration with othar sites
and locations that have been considéred;

(v) a description of the decisian process which
« led to the site being recoomended;

(vi) an assessment of the regiecnal and local
' impacts of locating a gedlogic repository
at the site being recommended.

A final environmental impact statement will be
submitted in support of 2 decisfon to recommend &
site to the President as suitable for the
construction of & geologic repository. Written in
accordance with Section 114(f) of the Act, this
statement will be based on the requirements of the
National Environmental Policy Act and will be the
vehicle for evaluating the environmental
acceptability of the recommended site in
compar{ison to the available alternatives.

After the selection of the first repository site,
2 major consideration in siting additional
repositories shall be of regional distribution.
The DOE shall consider the advantages of regional
distribution in the siting of repositories to the
extent that technical, policy, and budgetary
considerations permit,

The DOE shall develop a regionally sited
repository system insofar as technical, policy,
and budgetary considerations permit. Features of
the repositories shall te standardized to the
extent practicable to facilitate safe and
economical development and operation.

The DOE shall nominate at least five sites
determined suftable for site characterization and
subsequently recommend to the President at:- least
three of the these nominated sites for detailed
characterization as candidate sites. No later
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than March 31, 1987, the President shall submit to
the Congrass a recommendation of one site from the
three sites initially characterized that the
President considers qualified for application for
2 construction authorization for repository.

The DOE shall nominate at least five sites deter-
mined suitahle for site characterization and
subsequently recommend to the President &t least
three of thase nominated sites for characteriza-
tion as candidate sites. Not later than March 31,
1990, the President shall submit to the Congress 2
recommendation of a4 second site from any sites
already characterized that the President considers
qualified for a construction author{zation for a
second repository.

The geolagic repository shall be located in 2
geologic setting that physically separates the
radicactive wastes from the accessible environment
and that has a volume of rock adequate for .
placement of the underground facility.

The site shall allow the underground facility to be
placed at a minimum depth such that reasonably
foreseeahle human activities and natural processes
scting at the surface will not lead to a projec-
tion of radicnuclide releases greater than those
¢iscussed in Section 960,3.2.

The sfte shall be disqualified if site conditions

tions the underground
facility except the shafts to be at least
Zﬂgfmeters from the directly overlying ground
surface.

a. Favorable Conditions

1. Site conditions permitting the emplace-
ment of waste at a2 minimum depth of
300 meters from the ground surface
{10 CFR €0.122(b)(6)).
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2. A geoIogic setting where tha nature and
rates of the geomorphic processes that
have been operating during the past
million years would, if continued in
the future, not affect or would favorably
affect the ability of the geologic
repository to isolate the waste
(10 CFR 60.122(b})(1)}.

b. Potentially Adverse Conditions

A geologic setting that shows evidence of
extreme erosion during the past million years
(10 CFR 60.122(c)(17)) -

The thickness and lateral extent of the host rock
shall accommodate the underground facility and
ensure that impacts induced by construction of the
repasitory and by waste emplacement will not lead
to a projection of radionuclide releases greater
than those discussed in Section 960.3.2.

- & [Favorable Conditions

The host rock is sufficient extent to allow
significant latitude in terms of depth,

configuration, or location of the underground
facility.

b. Potentially Adverse Conditions

A volume of rock with physical properties
adequate for the underground facilities but

‘I:::raﬂy restricted to a small portion of the
site,

The geohydrologic regima in which the site s
located shall be compatible wita waste
containment, 1solation, and retrieval.
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The present and probable future geohydrolegic
regime of the site shall be capable of preventing
radionuclide transport from the respository to the
accessible environment in amounts greater than
thase discussed {n Sectfon 960.3.2.

The site shall be disjualified if the average
pre-waste-emplacement. ground-water travel time
dlong the path of likely radionuclide travel from
, the disturbed zone to the accessibtle environment
is Jess than 1,000 years.

&. Favdrable Conditions

1. The nature and rates of hydroiocgic
processes operating within the geologic
setttng during the last million years
would, if continued in the future, not
affect or would favorably affect the
ability of the geoloaic repository to
{solate the waste (10 CFR €2.122(b)(1)).

2. For disposal in the saturated zone,
hydrologic conditions that provide a host
rock with a low horizontal and vertical
permeability; a downward or predominantly
harizontal hydraulic gradfent in the host
rock; and a low vertical permeab{lity and
low hydraulic potential between the host
rock and the surrounding hydrogeclegic
units; or a pre-waste-emplacement
ground-water travel time along the fastest
path of likely radionuciide travel from
the disturbed zone to the accessible
environment that substantially exceeds
1,000 years (10 CFR 60.122(b)(2)).

2. For disposal in the unsaturated zone,
hydregeologic conditions that provide a
low &nd nearly constant moisturc content
in the host rock and the surrcunding
hydrogeclogic units; or a water table
sufficiently below the underground facile
ity such that the capillary fringe does
not encounter the host rock; or a later-
ally extensive lew-permeability hydrogeo-
lagic unit above the host rock that would
divert the downward infiltration of water



TECHNICAL SUBSUTIDELINE
960.5.2.2

Hydrologic
Modeling

SD-BWI-PAP-001
REV 0-0

beyond the limits of the underground
facility; or & host rock with 3 high
saturated permeability and an effective
porosity that provides for free drainage;
or a ¢limatic regime in which precipitation
{s ¢ small percentage of the potential
evinatranspiration (10 CFR 60.122(b)(3)).

b. Potentially Adverse Conditions
None specified.

The geohydrologic regime shall be capable of

being characterized vith sufficient certainty to
permit modeling to si-ow that present and probable
future conditions would lead to a projection of
radfonuclide relezses less than those specified fn
Section 960.3.2. .

a. Favorshle Conditions

Sites that have simple stratigraphic and
h{drogeologic sequences and 3 lack of
structural, tectonic, or cross-cutting 1g:eous
features such that the gechydrology can
readily characterized and modeled with
reasonable certainty.

b. Potentially Adverse Canditions

1. Potential for foreseeable human activities
to adversely affect the ground-water flow
system, such as ground-water withdrawal,
extensive irrigation, the subsurface
injection of fluids, underground pumped
storage, military activities, or the
construction of large-scale surface-water
impoundments (10 CFR 60.122{c){2)).

2. Potential for natural phenomena ltke
landslides, subsidence, or volcanic
activity of such a magnitude that they
could create large-scale surface-water
impoundments that could change the
regional ground-water flow
system (10 CFR 60.122(¢)(3)).
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3. Potential for the water table to rise
sufficiently to cause the saturation of
waste-emplacement areas in the unsaturated
zone (10 CFR 60.122{c)(4)).

4. Potential for structural deformation--such
as uplift, subsidence, folding, or
faulting--that may adversely affect
the regional ground-water flow
system (10 CFR 60.122(c){5)}.

5. Potential for changes in hydrogeoiogic
conditions that would increase the
transport of radionuclides to the
accessible environment, such as
changes in the hydraulic gradient,
average interstitial velocity, storage
coefficient, hydraulic conductivity,
natural recharge, potentiometric levels,
and discharge points (10 CFR 60.122(c)(6)).

6. Potential for adverse changes in
hydrologic conditions resulting from
reasonable foreseeable climatic

: changes (10 CFR 60.122(c)(7)).

TECHNICAL SUBGUIDELINE

960.5.2.3
Shaft The geohydrologic regime of the site shall allow
Construction the construction of repositery shafts and
mai?tenance of the integrity of shaft liners and
seals.,

a. Favorable Conditions

Absence of large highly transmissive aquifers
betwean the host rock and the land surface.

b. Potentially Adverse Condfitions

Rock or groundewater cenditions that would

require complex engineering measures in the
design and construction of the underground

facility or in the sealing of boreholes and
shafts (10 CFR 60.122(c}{a).
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The site shall be such that any subsurface rock
dissolution that may be occurring or is likely to
occur would lead to & projection of radionuclide
releases greater than those discussed In

Section 960.3.2.

The site shall be disqualified 1f it can be shown
that active dissolution fronts would cause
significant interconnection of the underground
facility to the site hydrogeologic systems during
the first 10,000 years.

a. Favorable Conditions

No evidence that the host rock within the
operations area was subject to dissolution
during the past million years.

b. Potentially Adverse Conditions

Evidence of dissolution such as brecciz pipes
or dissolution cavities (10 CFR 60 122(c)(11)).

The. site shall have geochemical characteristics
compatible with waste containment, isola*ion, and
retrieval. The site shall be such that the
ctemical fnteractions among radionuclides, rock,
ground water, and engineered components would not
lead to & projection of radionuclide releases
greater than those discussed in Section 960.3.2.

a. Favorable Conditions

1. The nature and rates of the geochemical
processes operating within the geologic
setting during the past million years
wauld, if continued in the future, not
affect or would faverably affect the
ahility of the geclngic repository to
isolate the waste (10 CFR €0.122(b)(1)).



SD-BWI-PAP-001
REV 0-0

2.  Geochemical conditions that promote the
precipitation or sorption of
radionuclides; inhibit the formation of
particulates, colloids, and inorganic and
organic complexes that increase the
mobi1lity of radionuclides; or inhibit the
transport of radionuclides by
particulates, colloids, and
complexes (10 CFR €0.122(b)(4)).

3. Mineral assemblages that, when
sublected to the expected thermal
loading, will remain unaltered or
will be altered to mineral assemblages
with equal or increased capability
to inhibit radionuclide
transport (10 CFR 60.122(b)(S)).

b. Potentially Adverse Conditions

1. €round-water conditions in the host
rock--including chemical composition, high
ionic strength, or oxidizing or reducing
conditions and pH--that could increase
the solubility or chemical reactivity .
of the engineered barrier
systems (10 CFR 60.122(c)(8)).

2. Geochemical processes that would reduce
the sorption of radionuclides, result in
the degradation of the rock strength, or
adversely affect the pervormance
of the engineered barrier
systems {10 CFR 60.122{(c)(9)).

3. For disposal in the saturated zone,
ground-water conditions in the host
rock that are not chemically
reducing (10 CFR 60.122(c)(10)).

TECHNICAL GUILELINE
960.5.4

Rock The site shall have geologic characteristics
Characteristics cogp:tib}e with waste containment, isolation, and
retrieval.
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The site shall provide a geologic system that is
capable of accomodating the geomechanical,
chemical, thermal, and radiation-indured stresses
that are expected to be caused by interactions
between the waste and the host rock.

a. Favorable Conditions

None specified.

b. Potentially Adverse Conditions

Potential for such phenomena as thermally
{induced fractures, hydration and dehydration
of mineral components, brine migration, or
other physfcal, chemical, or radiclogical
phenomena that could lead to projections of
radionuclide releases greater than those
discussed in Section 960.3.2.

The site shall be such that the construction,
operation, and closure of underground areas will
not cause undue hazard to repository personnel.

The site shall be disqualified if the applicable
gafety requirements og the DOE and NRC could not
e meto .

3. Favorable Conditions

Hone specified.
b. Potentially Adverse Conditions

1. Rock conditions that would require complex
engineering measures in the design and
construction of the underground facility
or {fn the sealing of boreholes and
shafts (10 CFR 60.122(c)(21)).

2. Geomechanical properties that would not
permit underground openings to
remain stable until permanent
closure (10 CFR 60.122(c)(22}).
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The site shall be located in & geologic setting
where the effects of current or reasonably
foreseeable tectonic phenomena will not lead to a
projection of radionuciide releases greater than
those discussed in Section 960.3.2.

The site shall be located in a geologic setting
where faults that might affect waste isolation, if
any, tan be identified and shown to have
hydrologic properties and seismic potentials that
will not lead to a projection of radionuclide
;g&egsgs greater than those discussed in Section

a. Favorable Conditions:

1. The nature and rates of faulting, if any,
*  operating within the geologic setting

. during the past million years would, if

cantinued in the future, not affect or
would favorably affect the ability of the
geologic repository to isolate the

waste (10 CFR 60.122(b)(1))

2. The nature and rates of faulting, if any,
operating within the geologic setting
during the past million years would, if
continued into the future, have less than
one chance in 10,000 over the next 10,000
years of leading to releases of
radicactive waste to the accessible
environment (proposed 40 CFR 191.13).

b. Potentially Adverse Conditions

1. Faults in the geologic setting that may
adversely affect the regional ground-water
flow system (10 CFR 60.122(c)(5)).

2. Evidence of active faulting within the

geologic setting during the past miliion
years (10 CFR 60.122(c?(12)).
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Historical earthquakes that, if
repeated, could affect the site
significantly (10 CFR 60.122(c)(13)).

Indications, based on correlations of
earthquakes with tectonic processes and
features (e.g., faults), that either the
frequency of occurrence or the
magnitude of earthquakes ma{

increase (10 CFR 60.122(c)(14)).

More frequent occurrences of earthquakes
or earthquakes of higher magnitude

than are typical of the region in

which the gealogic setting 1s

located (10 CFR 60.122(4)?15)).

Igneous Activity The site shall be located in & geologic setting
where centers of Quaternary igneous activity
during the past million years, if any, can be
identified and shown to have no effects that will
lead to a projection of radionuclide releases
greater than those discussed in Section 960.3.2.

3. Favorable Conditions

1.

2.

The nature and rates of {igneous

pracesses within the geclogic setting
during the past million years would, if
continued into the future, not affect or
would faverably affect the ability of the
gealogic repository to isolate the

waste (10 CFR 60.122(b)(1)).

The nature and rates of igneous activity,
if any, in the gealogic setting during the
past million years would, if continued
into the future, have less than one chance

ag
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in 10,000 over. the next 10,000 years of
leading to releases of radiocactive
matericl to the accessible environment
(proposed 40 CFR 191.13)

b. Potentially Adverse Conditions

1. The presence in the geologic setting of
intrusive dikes, sills, or stocks that may

adversely affect the regional ground-water
flow system (10 CFR 60.122(c)(5)).

2. Evidence of igneous activity within the
geologic setting during the past million
years (10 CFR 60.122(c)(16)).

The site shall be located in a geologfic setting
where significant uplift, subsidence, or folding,
if any, that has occurred during the past million
years can be {dentified and shown to have
hydrologic, seismic, and erosional implications
that will not lead to 2 projection of releases of
radionuclides greater than those specified in
Section 960.3.2.

2. Favorzble Considerations

1. The nature and rates of uplift,
subsidence, and folding within the
geologic setting during the past millien
years would, 1f continued into the future,
not affect or would favorably affect the
ability of the geo1081c repository to
isolate the waste (10 CFR 60.122(b)(1)).

2. The nature and rates of tectonic
deformation in the geologic setting during
the past million years would, if continued
into the future, have less than one chance
in 10,000 over the next 10,000 years of
leading to releases of radiocactive
material to the accessible environment
(proposed 40 CFR 191.13).

b. Potentially Adverse Considerations

1. The occurrence in the geoloyic setting
of folds that may adversely affect
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the regional ground-water flow
system (10 CFR 60.122(¢)(5)).

2. Evidence of active uplift, subsidence,
or folding withia the geologic set-
ting during the past million years
(10 CFR 60.122(c¢)(12)).

The site shall be located to reduce the 1ikelihood
that past, present, or future human activities
would cause unacceptable impacts on meeting the
isolation guidelines discussed in Section 960.3.2.

The site shall be such that the exploration
history or relevant past use of the site or
adjacent areas can be determined and can be shown
to have no unacceptable impact on meeting the
1solation guidelines discussed in Section
960.3.2. The site features shall make human
intrusion unlikely or, in combination with
engineered systems, mitigate the consequences of
intrusion to within the 1imits discussed 1in
Section 960.3.2.

a. Favorsble Conditions
Hatural-resource concentrations that are not
sfgnificantly greater than the average
condition for the region.

b. Potentially Adverse Conditions

1. The presence of naturally occurring
materials, whether identified or
undiscovered, within the site in such form
that (2) economic extraction is currently
feasible or potentially feasible during
the foreseeable future or (b) such
materials have greater gross value or net
value than the average for other areas of
similar size that are representative of,
and located tn, the geologic setting
(10 CFR 6G.122(c)(lag).
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2. Evidence of subsurface mining for
resources within the site
(10 CFR 60.122(c)(19)).

3. Evidence of drilling for any purpose other
than repository-site characterization
(10 CFR 60.122(c)(20)).

The site shall be located on lsnd for which the
Federal Government can obtain ownership, control
access, and obtain all surface and subsurface
rights required under 10 CFR 60.121 to ensure that
surface and subsurface activities at the site will
not lead to a projection of radionuclide releases
greater than those discussed in Section 960.3.2.

a. Favorahle Conditions

Present ownershfp and control of land and
rights as required by 10 CFR 60.121.

b. Potentially Adverse Conditions

Land-use conflicts involving land dedicated by
the Federal Government for potentially

incompatible purposes.

The site and its surrounding area shall be such
that surface characteristics or conditions can be
accommedated by engineering wmeasures and can be
shown to have no unacceptable effects on
repository operation and waste {solation as
discussed in Sections 960.3.1 and 960.3.2.

The site shall be such that the surficial
hydrologic system, both during expected climatic
cycles and during extreme natural phenomena, will
not cause unacceptable impacts on repository
operation or waste fsolation as discussed in
Sections 960.3.1 and 960.3.2.
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Favorable Conditions

None specified.

Patentially Adverse Conditions

L.

2.

Potential for foreseeable human
activities to adversely affect the
ground-water flow system, such as
extensive irrigation or the construction
of large-scale surface-water
impoundments (10 CFR 60.122(c)(1)):

Potential for flooding the underground
facility, whether through the occupancy
and modification of flcodplains or through
the faflure of existing or planned
man-made surface-water impoundments

(10 CFR 60.122(c)(2)).

The site shall be located in an area where the
surface terrain features do not unacceptably
affect repository cperation.

Favorable Conditions

Generally flat terrain.

b. Potentially Adverse Conditions

Road and rail access routes that encounter

steep grades, sharp switchbacks, slape

1nstahilit¥. or other potential scurces of
nec

hazard to

oming waste shipments.

The site shall be located where anticipated
meteorclogical conditions would not result in the

projection of unacceptable effects on repository
operations.

a.

Favorable Conditions

None specified.
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b. Potentially Adverse Conditions
None specified.

The site shall be such that present and projected
effects from nearby industrial, transportation,
and military installations and operations
including atomic energy defense activities, can be
accommodated by engineering measures and can be
shown to have no unacceptabla impacts on
repository operation.

a. Favorable Conditions

Siting on lands already committed for DOE
nuclear reser/ations.

b. Potentially Adverse Conditions

1. The presence of nearby potentially
hazardous facilities.

2. The presence of nearby facilities that

could be adversely affected by repository
construction or operation.

The site shall be located to limit the potential
risk to the population. The site shall be so
located that risk to the population from
repository operation does not exceed
system-performance guidelines.

A site shall be disqualified if it would fail to
comply with EPA'S standard for radiztion doses
received by members of the public as a result of
the management and storage of these wastes
(proposed 40 CFR 181, Subpart A).

The site shall be lucated away from population
concentrations and urban areas. A site shall be
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disquaified if any surface facility of a
repository would need ta be located (1) in a

highly populated area or (2) adjacent to an area

one mile by one mile having a population of not
less than 1,000 individuals.

&. Favorable Conditions

Remoteness from population centers
(10 CFR 60.122(a)(7)).

b. Potentially Adverse Conditions

A population density and distribution such
that projected releases could result in the
exposure of many people.

The cost and other impacts of transporting
radfoactive waste to a repository shall be
considered in selecting the repository sites.
Consideration shall be given to the proximity of
locations where radiocactive waste is currently
generated or temporarily stored and the
transportation and safety factors invelved in
moving such waste to a repository.

a. Favorable Conditions

Ability to select transportation routes that
minimize risk to the general population.

b. Petentially Adverse Conditions

Site locations requiring the concentration of

transportation routes through highly populated
areas.

The site shall be such that a repository can be
constructed and operated in a manner that provides
reasonable assurance that the environment will be
adequately protected, for this and future
generations. the site shall be located so as to
reduce the likelihood and consequences of
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potential environmental impacts, and these impacts
shall be mitigated to the extent reascnably
achievable.

A site shall be disqualified if a repository would
result in an unsatisfactory adverse environmental
impact that threatens the health or welfare of the
public or the quality of the envirvonment and -
cannot be mitigated, A site shall be disqualified
"#f it is located within the boundaries of a
significant nationally protected natural resource,
such as a National Park, National Wildlife Refuge,
or Wilderness Area, and its presence conflicts
frreconcilably with the previously designated use
of the site.

a. Favorable Conditions

1. Ability to meet all procedural and
substantive environmental requirements
* applicable to the site, at the Federal,
State, and local level, with assurance and
within time constraints.

2. Adverse environmental impacts, to present
&nd future generations, can be avoided or
reduced to an insignificant level through
the application of reascnable mitigating
measures.

b. Potential Adverse Conditions

1. Probable conflict with applicable Federal,
State, or local environmental requirements.

2. Significant adverse environmental impacts
that cannot be avoided or minimized.

3. Proximity to, or direct adverse
environmental impacts of the repository or
its support systems on, & component of the
National Park System, the National
Wildlife Refuge System, the Wild and
Scenic River System, the National
Wilderness Preservation System, or
National Forest Land.
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The location of the site shall be such that

any significant adverse social and/or economic
impacts on communities and regions resulting from
repository construction, operation, and
decommissioning or the transportation of
radicactive waste to the site can be accommodated
by mitigation or compensation.

b.

1.
2.

Favorable Considerations

Locally available labor.

Potential for repository-related increases
in local employment, increases in business
sales, increases in government revenues,
or improvements in community services.

Potentially Adverse Factors

1.

2.

3.

The existence of, or the potential for, 2
lack of %he necessary labor force or a
lack of local suppliers.

A projected substantial decrease in

comunity services due to repasitory
development.

Conditions where the development,
construction, operation, or
decommissioning of a repository may
require any purchase or acquisition of
water rights that will have 2 significant
adverse effect on the present or future
development of the area.

DOE, 1983, “Department of Energy, 10 CFR 960, Nuclear Waste Policy Act of
1982: Proposed General Guidelines for the Recommendation of Sites for
Nuclear Waste Repositories, "Federal Register, Vol. 48, No. 26,
pp. 5670-5682, February 7, 1983.
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APPENDIX €

TRANSPORT PAIMAY DESCRIPTION AND PARAMETER
CHARACTERISTICS

E.1 TRANSPORT PATRWAY DESCRIPTION

The purpase of this section 1s to identify and briefly review the
features that directly affect radionuclide migration, to develop a
general, integrated picture of the system from a performance assessment
point of view. A proper understanding and quantification of some of these
features arises in part through development of what is termed a conceptual
model. The conceptual model is simply a synthesis of available direct and
fndirect information that gives an understanding of the present and past
behavicr of a system, as well as some insight into future behavior. While
the scope of this discussion does not include a detailed review of
conceptual model development, the performance of conceptual modeling is
acknowledged. The emphasis here is on what information is needed, why it
is needed, and how it will be used to conduct a performance assessment.
How the information is generated or synthesized from indirect sources is
beyond the scope of this report,

E.2 GEOLOGIC CHARACTERISTICS

A discusston of the geclogic characteristics of the reference
repository laocation (RRL) 1s presented in Chapter 3 of the Site
Characterization Report (SCR)-(Rockwell, 1982). The materfal presented
here was primarily extracted from that report.

The geologic features of direct importance to performance assessment
are:
Depth of repository horizon
Layered nature of basalt
Intrafiow structure
The existence and nature of folds or faults
Tectanic stability
Potential for renewed volcanic activity,

The Columbia River Basalt Group, as a whole, covers an area of
200,000 km? and has an estimated volume of 325,000 ka3 (Reidel, 1981).
Individual flows range from a few tens of cuntimeters (rarely) to more than
100 m thick, averaging 30 to 40 m (Swanson and Wright, 1978). The RRL is
located in the western part of the Pasco Basin in the gently sloping Cold
Creek syncline. In this area, there is a thick sequence of Columbfa River
basalt. At present, threa basalt flows within the Grande Ronde Basalt
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are being constdered as candidate repository horizons: the Umtanum flow,
the Cohissett flow, and the McCoy Canyon flow. Final selection of a
single candidate horizon will follow additional characterization and
performance assessment optimization studies. In any case, the repository
depth would exceed %0 m below land surface.

The basalt flows were emplaced as a series of layers, with each flow
experiencing some solidification before deposition of the next flow.
Flows generally axhibit a jointing pattern that is characteristic of lava
upon cooling. Intraflow structures, as used here, refer to internal
units, including jointing habit, within a2 flow with relatively uniform
abundance and ?eometry of fractures, but also include size and abundance
of vesicles, flow top breccia, and the occurrence of piliows. Intrafiow
structures may be present within a flow. The intraflow structures may
vary greatly in lateral extent and thickness, may be absent from any given
flow, or may occur repeatedly within a single flow.

The vast majority of fractures in the Grande Ronde Basalt are joints
created by thermal contraction during cocling of individual flows (Long,
1978). Qualitatively, the dominant fracture patterns range from
well-formed, regular, polygonal solids to irreqular, elongate-to-equant
blocks, with 3 complete gradation between the two.

The great majority of fractures fa drill core have narrow “apertures®
(0.5 mm) filled with multiple generations of secondary minerals.
Information from fracture logging of drill core was used fo calculate the
volume percent of fracture openings (filled or unfilled) in the core. The
total volume percent of fractures was <0.4, whereas the volume of unfilled
fractures ranged from 0.025 to 0.059 volume percent. These results
suggest that the volume of unfilled fractures, particularly in the dense
interior of Grande Ronde Basalt flows, is small, and thus the total
fracture porosity of thase rocks is comparably small. Lower fracture
porosity can be expected to result in lower hydraulic conductivity.

The RRL 1s located in the Cold Creek syncline of the Pasco Basin,
which i{s part of the Yakima Fold Belt subprovince. This subprovince is
dominated by generally east-west trendiny anticlinal ridges and synclinal
valleys. These folds are typically asymmetrical on the north limbs with
Jow-2ngle reverse or thrust faults present on the north limbs of the
anticlines. Locally, cross structures are present.

Structural analysis of the Yakima fold belt structures shows that any
dipping basalt might be expected to contain small breccia zones or
faults. Within the Cold Creek syncline, discrete shear zones or faults a
few centimeters to 1 m wide may be present. Brecciation is a dilation
process that would locally increase the permeabflity and porosity until
the breccia is sealed with 2 precipitated cement.

Historical data indicate that the site is an area of low sefsmicity.
Microearthquake activity is largely shallow, confined to a crust of 30-km
thickness, and is characterized by swarms of low-magnitude earthquakes
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that occur in and below the basalt., Focal mechanisms of individual and
composfte shallow and deep events indicate reverse faulting along nearly
east-west planes under nearly horizontal, nearly north-south compression.

The potential for renewal of basaltic volcanism similar to the
Columbia River basalt fissure eruptions is extremely low. Effects of
volcanism from sources in the Cascades and the Northern Basin and Range
province are considered minimal and of very low probability.

E.3 WASTE EMPLACEMENT CHARACTERISTICS

The characteristics of repository construction and waste emplacement
that directly affect long-term performance are: (1) waste package and
repository design, {2) altered site conditions and properties due to
underground construction, (3) waste package and very near-field release,
and (4) waste-related effects.

Waste Package and Repository Desian

The repository geometry will affect the heat load, waste package and
backfill design, and the alteration of the near-field basalt parameters.
The waste package conceptual desfgn consists of a waste form, metal
canister, and surrounding backfill. The waste package system is being

designed to provide short-term containment and retrievability and to
reinfarce the natural barriers.

Altered Conditions Due to Construction and Emplacement

Construction, operaticn, and decommissioning of a repository results
in physical modification of the host rock. Voids are created by shaft,
tunnel, storage room, and canister borehole excavation. Imitial
displacements occur in the rock surrocunding the openings, due to
excavation and installation of rock support systems. During and after
closure, interaction of the host rock with backfill and sealing materials
may cause additional displacement. Recoverable and permanent
displacements will influence the hydraulic conductivity in the disturbed
rock zone immediately adjacent to the openings.

Waste Packaqe and Very Near-fField Release

Appropriate design of the engineered¢ system will help to control the
radionuclide release., An engineered system will also provide reinforcement
to the natural geologic barrier and protection during the preclosure
phases of the repository. Of significance in determining the performance

of the engineered system are the:
o Nzture of the waste form
¢ Nature of the waste canister

o Nature of any backfill material

-
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¢ Temperature around the engineered systems
e Chemistry of the surrounding groundwater

8 Rate and direction of engineered system penetration by
groundwater :

s Effects of radiation on the engineered materials, groundwater,
and perhaps on the basalt in the immediate vicinity of the waste
packages.

E.4 WASTE-RELATED EFFECTS

Associated with the waste are two phenomena that can affect the
engineered and natural basalt system: (1) a changing temperature field
due to waste heat generation and (2) a radiation flux. Increased
temperature can alter the chemical reaction rates and may result in
localized steam generation, depending on water availability and pressure.
Radiation may affect material properties.

E.S HYDROGEOLOGIC CHARACTERISTICS

The hydrogeology of the RRL and surrounding area is discussed in
detail in Chapter & of the SCR (Rockwell, 1982). The features that
directly affect the long-term performance of the site are:

8 Groundwater occurrence relative to potential repository locatiens
¢ Groundwater flow patterns

¢ Groundwater F19w rates and hydraulic characteristics of basalts

e Groundwater velocity and travel times.

Groundwater Occurrence Relative to Potentizl Repository Locations

As meationed in the section on "Geclogic Characteristics,® the Grande
Ronde Basalt at the RRL {s the focus of siting studies. All three
candidate repository horizons in the Grande Ronda Basalt at the RRL are
deep within the saturated groundwater zone. The water table surface is
within the sedimentary blanket overlying the uppermost basalt unit
hundreds of meters above the Grande Ronde Basalts.

Groundwater Flow Patterns

Groundwater flow is influenced by a number of factors, including

topagraphy, structure, stratigraphy, and the hydrologic properties of the
rock through which. the groundwater moves.
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Overall, groundwater moves from areas of recharge to discharge.
Recharge areas are usually basalt qutcrops surrounding the Pasco Basin or
in other areas of the Columbia Plateau where basalts lie at or near ground
level. Groundwater then moves down 3 hydraulic gradient to discharge into
either an overlying aquifer or a surface water body.

Hydrogeologically, the dense interiors of basalt flows act as
confining units for groundwater contained in the more permeabls flow
tops. The relatively high ratio of horizontal hydraulic conductivity of
the flow tops to inferred vertical conductivity of the basalt flow
interiors (around 100 to 1,000 or more) promotes horizontal movement of
groundwzter through the flow tops. In general, vertical movement of
groundwater is inhibited except in areas of structural daformation close
to fold hinge lines, where subvertical fractures may occur. Such
fractures are not expected in the Cold Creek syncline because it is a
broad, relatively flat-bottomed fold that shows little evidence of strain,

Adequate knowledge of the groundwater flow pattarns is necessary to
determine the orientation and length of the radionuclide transport pathway.

Hydraulic Characteristics of Basalt

The volumetric flow rate of groundwater movin? through the system {s
a function of the ability of the rock to conduct flow along a set of
interconnected void spaces. The coefficient that is used to represent
this characteristic in an eguivalent porous media system is referred to as
hydraulic conductivity. Hence, 2 determination of the hydraulic
conductiyity or at least bounding estimates of the same are necessary to
calculate the groundwater volumetric flow rates and velocities. Hydraulic
conductivities have been measured at a number of discrete well sites on
the Hanford Site and vicinity. Measurements have been obtained for
individual horizons (primarily interbeds and flow tops) and for compasite
zones encompassing a series of flow tops and entablature/colonnades.
Resuylts are summarized in Chapter § of the SCR {Rockwell, 1982) and
generally show decreasing hydraulic conductivity with depth. Possible
explanations for this decrease are greater secondary mineralfzation with

depth and/or 2 reduction in fracture aperture due to increased lithostatic
loading.

Calculation of the groundwater velocity in an equivalent porous
medium also requires definition of the effective porosity that is defined
as the volumetric fractien of rock made up of interconnecting voids.
Effective porosity may be substantially less than the total porosity

(fraction of vo'ume represented by total veid spaces whether
interconnected or not).

Repository Related Processes

In addition to the natural hydrogeolegic processes occurring prior to
repository construction and waste emplacement, other processes occur
because of the influence of the repository. As mentioned earlier, rock
displacements will alter the hydraulic conductivity of the basalt in the
immediate vicinity of the rock openings. Hydraulic conductivity may be
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increased or decreased by recoverable displacements, but will generally be
increased by the permanent component. Repository shafts extend from the
surface facilities to the major subsurface excavations in the candidate
herizon. They penetrate all of the geologic strata overlying the
repository and are a potential pathway for radionuclide release to the
environment. The current repository conceptual design is a planar,
structure extending laterally a distance of 3.4 by 1.8 km within a
candidate horizon. Isolation capability in the strata overlying the
repository is provided by the low vertical hydraulic conductivity in the
entablature and colonnade portions of the basalt flows, Shaft seal
structures are intended to 1imit vertical conductivity increases due to
shaft penetration of the strata, including conductivity changes in the
disturbed rock zone adjacent to the shaft. Vertical groundwater movement
across a basalt flow wil: be made up of two components:

e Vertical flow through the lew econductivity entablature and
colonnade summed over an area equal to the lateral extent of
the repository

o Vertical flow at the shaft penetrations limited to the shaft
seal conductivity and the conductivity of the surrounding
disturbed rock zone.

Comparisons of the magnitudes of these.components will allow
specification of appropriate design parameters for the shaft seals.

Postclosure groundwater flow in the very-near field s perturbed by
the construction-related permeability changes within the repository
horizon. For current candidate horfzons, the ratio of repository void
space votlume to the volume of the competent intraflow structure
{entablature and colonnade) 1s a small percentage. This includes
backfilled and sealed voids and portions of the disturbed rock zone where
hydraulic conductivity has been increased. 6rouadwater flow through the
tmmediate volume of the rock stratum enclosing the repository depends on
this void ratio and the relative hydraulic conductivity of engineered
backfill and seal materfals to that of the structurally unmodified host
rock. Comparisons of the relative contributions of the respective flow
compooents will 3)low formulation of an appropriate design specification
for the repository backfill and seals,

Apart from the changes arising from construction (disturbing the
rock, dewatering the area near the tunnels and shafts, etc.), the most
signiffcant long-term effect of the repository is related to the thermal
field induced by the heat generated from the waste. The waste-induced
thermal field will influence (1) the mechanical behavior of the rock and
hence the hydraulic properties, (2) the groundwater flow through buoyancy
effects; and {3) the hydraulic conductivity by altering the groundwater
properties.

The waste form acts as a heat source and {nduces 2 changing
temperature field in the rock surrounding the repository. This in turn
causes 3 time-dependent stress increment and associated displacements
around the openings due to constrained thermal expansfon. Such
displacements cause changas in the hydraulic conductivity.
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Groundwater flow in a nonisothermal regime is dependent on the
temperature of the water/rock system, This coupling is particularly
important in the near-field zone because fluid density decreases with
increasing temperature, creating a thermal buoyancy effect. The
perturbation caused by thermal bouyancy causes an increased upward
component in groundwater flow toward the surface. The maximum effect
occurs in a zone bounded by the repository perimeter and extendin? several
hundred meters upward from the cardidate horizon. Because hydraultic
conductivity 1s a2 function of the density and viscosity of the water as
well as the intrinsic rock properties, temperature-related changes in
density and viscosfty will alter the hydraulic conductivity., OQver the
temperature range expected in thé vicinity of the repository, the fluid
density changes by only a few percent; however, the fluid viscosity
decreases by 2 to 5 times. Consequently, the hydraulic conductivity and

thus the groundwater velocity can change by a significant amount in the
affected zone.

Groundwater Velocities and Travel Times

It is generally recognized that the most probable mode by which
radionuclides could be released from a repository facility is through the
groundwater system. Adequate knowledge of the groundwater flow patterns,
together with at least bounding estimates of the hydraulic conductivity
and effective porosity distributions, will permit calculation of the
?roundwater velocities and travel times from a potential repasitory

ocation to the accesstble environment.

€.5 GEOCHEMICAL CHARACTERISTICS
Background

The geochemical characteristics of the basalt and associated
groundwater are quite significant in determining the availability and rate
of radionuclide migration towards the accessible environment. The most
important characteristic is the €h-pH regime established by the
basalt-groundwater system, Eh is a measure (in volts) of the electrical
potential necessary to cause oxidation or reduction of a metal; pH is a
measure of the acidity or basicity of a system. These two variables
control the stability and solubility of solid phases in contact with the
groundwater and the form a substance will assume in the groundwater.
Therefore, they can affect the stability of the waste package and the
transport of hazardous radionuclides from the package.

Reducing Conditions (Eh)

The iron-bearing minerals in the basalt suggest an Eh range for the
repository of -0.45 to +0.07 V ({i.e., a reducing environment). This
reducing environment is conducive to metal stability, and thus can greatly
increase the lifetime (corrosion resistance) of metai canister materials
used to contain the nuclear waste. In addition, a strongly reducing
environment favors the formation of insoluble actinides and transuranic
oxtdes and, therefore, limits their transport to the accessible
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environment. For example, the solubilities of uranium, neptunfum, and
plutonium tn the reducing conditions of the basalt gechydrologic system
are sufficiently low to keep the release of these hazardous radionuclides
well belos the release limits established by the EPA for a nuclear waste
repository (EPA, 1982).

Alkaline Conditions

The Umtanum basalt groundwater chemistry s dominated by silica
(present as silicic acid) that results in a basic groundwater. The pH of
groundwater sampled from the Grande Ronde Basalt is 9.5 + 0.5 at 25°C.
The pH of groundwater in Grande Ronde Basalt is controlled at elevated
temperature by a set of complex ionic relationships. Analyses to date
fndicate that the pH of the groundwater at elevated temperatures remains
above the corresponding nentral point pH; thus, a basic solution is
maintained at elevated temperatures.

Retardation by Sarption

A second significant geochemical characteristic is exhibited in the
sorptive capacity of the basalt for the radionuclides. Sorption of
radfonuclides onto geologic materials is one of the major mechanisms for
retarding the migration of hazardous radienuclides to the accessible
environment, Basalts have been shown to have high sorptive capacity
{retardation capacity) for such hazardous radionuclides &s cesfum,
strontium, radium, and americium. Furthermore, the basalts contain ¢
small, but sfgnificant, amount of secondary minerals (clays, zeolites, ind
silica phases?nthat generally have a much greater radionculide sorptive
capacity. These secondary minerals are found lining and filling the
vesicles, vugs, and fractures of the basalt that often comprise the
dominant groundwater pathways in the basalt. Therefore, these secondary
minerals are a primary sorptive medium for radionuclides and greatly
increase the radionuclide retardation capabilities of the basalt.

Hydrothermal Interxctions

The hydrothermal interactions that can occur between the basalt,
groundwater and nuclear waste have been found to limit the availability
and/or migration potential of many radionuclides. The primary basalt
minerals (plagioclase, pyroxene) are found to be relatively stahle
(unreactive) under the expected repository temperature and pressure
conditions. The more reactive portion of the basalt, however, has been
found to be highly efficient in removing cesfum and strontium from
solution. In addition, the basalt hydrothermal alteration products are
high sorptive-capacity minerals such as clays and ze0lites. Hydrothermal
alteration appears to increase the retardation capability of the basalts,
which would make them geochemically compatible with the thermal regime
induced by the emplacement of nuclear waste.

Temperature Effects

Radionuclide solubility and sorption on basalt are also functions of
temperature. Solubility limits and sorption generally increase with
increasing temperature.
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Radiqup1ide Mass Transport

The cancentration of a particular radionuclide as a function of time
and space depends on the release rate fram the engineered system,
groundwater velocity, the degree of chemical retardation, solubility in
the groundwater, radicactive decay, dispersion, and possible precursor
decay.

Radioactive decay rates have been measured in the labaratory and are
well documented in the literature. Dispersion {s the macroscopic expres—
sion of several phenomena including tortuous pathways, diffusion, lack of
complete fracture interconnection, and small-scale heterogeneities. Ffor
these reasons, 2 chemically unretarded radionuclide can be expected to
spread and occupy & larger volume at a lower concentration than would
otherwise be expected from simple advective groundwater flow.

Disruptive Conditions .

In addition to determining whether the RRL meets the criteria and
guidelines under present conditions, the impact of future changes and
disruptive events requires consideration. Consequently, effort will be
devoted to identification of credible processes and/or events that could
alter.the waste isolation characteristics of the site. Once a process or
event iz {dentified, the degree of alteration of important chemical or
physical parameters will be bounded, A tectonic fault through the
repository has been postulated as a plausidle disruptive event. The
arientation of such a fault would be significant as well as the hydraulic
and chemical properties of the gouge 2one and any damaged rock.
Estimating the nature and amount of waste package disruption would also be
part of a disruptive fault analysis.
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