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Introduction - Objective/Purpose
of Meeting

e Objective

— Establish open/interactive approach with the U.S. Nuclear

Regulatory Commission (NRC) toward the resolution of
RDTME KTlis

Present program for the path forward for the resolution of
geomechanically-related RDTME KTl Agreements

e Purpose

Introduce proposed technical approach
Discuss logic behind the approach

Discuss how the approach will be used in the Repository
Design process

Discuss how the approach may impact Performance
Assessment and how it will be considered
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Introduction - Geomechanical-Related Key
Technical Issue (KTI) Agreement
Summaries

Repository Design Thermal-Mechanical Effects
(RDTME) 3.02

— Accountability for the critical combinations of in situ,
thermal, and seismic stresses

RDTME 3.04

— Evaluation of currently available data, together with _qutial
and temporal variations and uncertainties, and acquisition
of additional data as needed



Introduction - Geomechanical-Related Key
Technical Issue (KTl) Agreement

Summaries (continuea)
e RDTME 3.05

— Accountability for the effects of lithophysae on the rock
mass

« RDTME 3.06

— Analysis of sensitivity and uncertainties of preclosure rock
support system to design parameters

e RDTME 3.07

— Accountability for the effect of sustained loading on intact
strength
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Introduction - Geomechanical-Related Key
Technical Issue (KTIl) Agreement

S U m maries (Continued)
 RDTME 3.08

— Analysis of sensitivity and uncertainties of fracture patterns
« RDTME 3.09
— Analysis of possible rock movement in the invert

e RDTME 3.10

— Assessment of two-dimensional modeling applications,
considering in situ stress field and fracture orientations
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Introduction - Geomechanical-Related Key
Technical Issue (KTI) Agreement

S u m maries (Continued)
RDTME 3.11

— Accountability for the long-term degradation of the rock
mass and joint strength properties

RDTME 3.12
— Dynamic analysis using site-specific ground motion history

RDTME 3.13

— Technical justification for the bounding conditions used in
modeling



Introduction - Geomechanical-Related Key
Technical Issue (KTI) Agreement

Summaries (Continued)
e RDTME 3.15

— Field data and analysis of rock bridges and joint cohesion
e RDTME 3.16

— Technical basis for joint geometric representation used in
modeling

e RDTME 3.17

— Technical basis for maximum rock block size including
consideration of the effect of variation of the joint dip angle

e RDTME 3.19

— Acceptability of the process models that determine whether
rockfall can be screened out
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Introduction - Proposed Products, Meeting
Actions for Resolution of KTls Pertaining to
Ground Support Design

Design Parameters
Analysis REV 00
Appendix 7 Meeting
Start 4/01 Subsurface Appendix 7 Meeting
Finish 9/30/02 < 3/02 Geotechnical Testing
. Program <+ 1/03
» Evaluation of adequacy of =P .piscuss Adequacy of data |—Jpp —>
_ currentdata for LA Start 10/01 +Discuss adequacy of
* Identify additional testing *Present approach to Finish 12/02 data for LA design
rqulred _ resolution of Discuss approach to
*Representative sampling geomechanical-related KTis sLaboratory testing assessing
plan Discuss Modeling *In-situ testing uncertainties of data
Approaches *Fractures studies
*RDTME 3.04(1)
i Scoping Analysis on Ground Appendix 7 Meeting Ground Control
Design Parameters C;n‘tjrol S:n.s ’tt ! vity 2/03 Analysis for
Analysis REV 01 ncertainties Emplacement
ifts Analysis
Start 10/02 Start 3/02 *Finalize model types and Drifts Analysi
+al > Finish 6/03 > applications >
Finish 2/03 Lo ’ Start 1/03
*Finalize inputs and Finish 9/03
*Final input data -Constru.chon of bour!qmg
representative models conditions «Final resolution of KTls
sImplementation of data *Discuss interpretation of «LA design
*RDTME 3.04(2), 3.05, 3.07
(2) 3 *RDTME 3.06, 3.08 results

*RDTME 3.02, 3.09,
3.10,3.11,3.12,3.13
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Introduction - Proposed Products, Meeting
Actions for Resolution of KTls Pertaining to
Rockfall/Drift D ion Analyses

ApPendix 7 Meeting
Regional scale Scoping Analysis for 3/02 Subsurface Joint Strength
TM model Seismic Drift Stability Geotechnical Degradation
Testing Program Analysis
Start 10/01 Start 1/02 .
.. * Discuss adequacy
Finish 3/02 Finish 4/02 < Start 10/01 Start 1/02
—3 of data for LA ] —>
— » A ' . Finish 12/02 Finish 7/02
* Generate * Effects of duration tre;en | ;t)proacf:
boundary/initial and frequency of G° esolution o « Fracture tests + Kemeny and
conditions for ground motion on drift eo-mechanical- * In situ tests PFC
drift scale model stability related KTls approaches
* Discuss modeling
RDTME 3.02, RDTME 3.02, approaches RDTME 3.04, 3.05, 3.07, RDTME 3.11, 3.15
3.07, 3.10, 3.13, 3.08, 3.10, 3.12, 3.10, 3.11, 3.16
3.20 ¢ 3. 13
Final Drift
Small-Scale 3DEC/DRKBA parametric Appendix 7 Meeting D In;da;:'on
Fracture Analysis models e.g ye g
1/03 Analysis/Probabilistic
Start 3/02 Start 7/02 Output of Results
Finish 7/02 > Finish 12/02 ¢ * Finalize models.
_> Start 12/02
* Discuss interpretation — Fi a'sh 3/03
* Analyze impact of of results n!
small-scale * Include appropriate fracture i i
fractures on block properties and seismic levels * Final resolution of
development rockfall KTls
* TSPA feed
RDTME 3.17, 3.19

RDTME 3.16, 3.1
317 RDTME 3.10, 3.11,
3.12,3.13, 3.16,
3.17.3.19, 3.20
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Overall Approach to KTl Resolution

Mark Board, BSC
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What are the Issues That Lead to the
RDTME KTI's?

Emplacement area currently
about 80% in lithophysal rock,
20% in jointed non-lithophysal
rock

Difference between these
rocks is primarily the “flaws”
and their distribution -
lithophysae in the upper and
lower lithophysal units and
jointing in the middle and
lower non-lithophysal units

Matrix material is
approximately the same,
minerologically. Groundmass
between lithophysae is
fractured, particularly in the
lower lithophysal unit
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What are the Issues That Lead to the
RDTME KTI's? - Lithophysal Rock

e Lithophysal Rock
Needs/Issues:

- Basic thermomechanical
constitutive behavior needs to
be defined - design property
ranges need to be determined

— Effect of variability of the
properties as a function of
lithophysal content and matrix
fabric needs to be estimated

— Strength degradation (static
fatigue) effects as a function - |
of loading needs to be defined

- Scaling effects need to be
considered due to lithophysae
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What are the Issues That Lead to the
RDTME KTI’'s? - Non-Lithophysal Rock

e Non-Lithophysal rock:

— Analysis of geometric properties of jointing: small and large-scale roughness,
joint terminations and rock bridges, joint continuity, spacing, dip and dip
directions

— Surface properties of joint samples
— Joint shear constitutive behavior on a drift-scale
— Fatigue strength of joints

— Realistic, site-specific input to numerical models

g Tt ‘ R - Y
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What are the Issues That Lead to the
RDTME KTI’'s? - Boundary, Initial and

Transient Loading Conditions

e Loading applied to
emplacement drifts:

FI.4¢C31> 2 10 Job Tille: General views of the model
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Conler Reain

X £.223e+I02 <200
YT 6002 v 013
s In situ stress on a
Ces% &ngl 22500 - n SI u
-
g e mountain scale needed
SO0 oo

as initial condition for
analysis

Pz nteind
The laver &1
The iaver 22
The laver &3
The lever 5=

Fish ety

— Thermal loading time
history

AXes
Linest/le

— Seismic loading from
earthquake ground
motions
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What are the Issues That Lead to the
RDTME KTI's? - Modeling Issues

e What types of models or
solution methods should be
used?

— Need for site-specific
models of jointed rock - -
models need to S
reasonably-reflect actual TANE
conditions

— 2D vs 3D modeling for
jointed rock masses and
lithophysal rock?

- Continuum vs
discontinuum modeling? /o

— Dynamic analyéis using
numerical models vs quasi-
static keyblock methods?
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What do These Issues Mean to Rock Mass
Property Estimation?

e Empirically-based rock mass properties estimates,
common in mining and construction are probably not
immediately applicable in lithophysal rock

« The rock mass properties are scale-dependent and
location-dependent. It is not possible to define rock
properties and their variations from a standard
“statistical”- type laboratory testing program

e Rock mass property variation best defined by a
combined program of geotechnical characterization,
lab and field testing, and numerical model
verification and extrapolation. Need to demonstrate
an understanding of the basic contributing
mechanisms of rock mass deformability




Proposed Approach To Geomechanics

Properties Resolution
e Additional geological characterization of:

— Joint geometry in the middle and lower non-lithophysal units
— Lithophysae characterization in the ECRB

— Correlation of borehole geophysical logs and tomography studies
of the Mountain to lithophysal mapping to estimate variability
across site

 Laboratory testing of thermomechanical properties of
large cores of lithophysal and non-lithophysal rocks from
the ESF and ECRB

— Direct shear of joints in the middle and lower non-lithophysal
zones

— Compression testing of the upper and lower lithophysal zones
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Proposed Approach To Geomechanics
Properties Resolution (continued)

— Static fatigue testing of the lower lithophysal zone

— Thermal expansion testing of the lower lithophysal zone

e In situ thermal/compression testing of lithophysal
rocks

e Confirmation of PFC mechanical model of lithophysal
rock and “excavation-scale” joint constititutive
response

e Extrapolation of mechanical response of rock mass
and joints using validated model and geologic
characterization to variable conditions within
repository block - directly ties to site specific

geology
s Y UCCA MOUNTAIN PROJECT
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Overall Strategy to Geomechanical-Related
KTl Resolution N

Field Lab Testing and In Situ Tesing and Extrapolate from Limited Define Equivalent Model Senstivity Studies \
Characterization Model Calibration Model Confirmation Testing to Range of Material Model for Lith of Drift Stabllity in Pre-
Geographic Conditions for Design/Performance and Post-Closure

Geotechnical/Geological

Characterization of Tptp
sLithophysal Rocks

* Variability ¢f shape, size.

d strioution and porosity of

lithcphysae. Compare to

berehole geophysics

* Natural and mining-induced

fracturing in groundmass
*Non-Lithophysal Rocks

* Variability of joint geometr:c

parameters - dip:dip directon,

cortinuity, scale-dependent

roughness. terminations and

rock bridges

RDTME 3.04, 3.05,
3.07,3.08, 3.11,
3.15, 317
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Overall Strategy to Geomechanical-Related
KTl Resolution

Field Lab Testing and In Situ Tesing and Extrapolste from Limited Define Equivalent Model Son-mvm{ s;udlos
Characterization Model Calibration Model Confirmation Testing to Range of Material Model for Lith of Drift Stabillty in Pre-
Geographic Conditions for Design/Performance and Post-Closure

Thermomechanical Lab
Testing
*Lithophysal Rocks
—» ¢ Mechanical constitutive
behavior and properties
* Thermal prop’s
» Static fatigue

*Non-Lithophysal Rocks
* Large existing data base
Geotechnical/Geological * Shear behavior of joints
Characterization of Tptp * Shear strength of rock
sLithophysal Rocks bridges
* Variability of shape, size, * Static fatigue

distribution and porosity of
lithophysae. Compare to

borehole geophysics Model ion Loop

* Natural and mining-induced

fracturing in groundmass
*Non-Lithophysal Rocks

* Variability of joint geometric

parameters - dip/dip direction, Model Calibration

continuity, scale-dependent
roughness, terminations and
rock bridges

RDTME 3.04, 3.05,
3.07,3.08,3.11,
315,317

»Lithophysal Rocks
* PFC model lab-scale
calibration against results of
uniaxial compression and
static fatigue testing
*Non-Lithophysal Rocks
* PFC mode! lab-scale
calibration against results of
uniaxial compression and
static fatigue testing |
» Shear strength of joint
samples
* Shear strength of rock
bridges
» Static fatigue

RDTME 3.04,3.05
3.07,3.11
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Overall Strategy to Geomechanical-Related
KTl Resolution .

Field
Charactenzation

Lab Testing and
Modal Calibration

Model Sensitivity Studies ~
of Drift Stability in Pre-
and Post-Closure

Define Equivalent
Material Model for Lith
for Design/Performance

Extrapoiate from Limited
Testing to Range of
Geographic Conditions

In Situ Tesing and
Model Confirmation

Geotechnical/Geological
Characterization of Tptp
sLithophysai Rocks
* Variabilty ¢f shage, size.
distribution and poros:ty of
itrophysae. Compare to
borehcle gecphysics
* Natural ara mining-induced
fracturing in groundmass
*Non-Lithophysal Rocks
* Vanability of jcirt geometnc
parameters - dip/dip direction
continuity. scale-dependent
roughness. terminations and
rock bridges

RDTME 3.04. 3.05.
3.07.3.08. 3.11,
315,317

Thermomechanical Lab
Testing

«Lithophysal Rocks

* Mechanical constitutive

behavior and oroperties

* Thermal prop’s

* Static ‘atigue
*Non-Lithophysal Rocks

» Large existing data base

* Shear behav:or of icints

* Shear strengtr of rock

bridges

* Static fatigue

-

In Situ Testing of Lithophysal
Rock

*Fiatjack compression testing of
1m- cubes

+ Deformability

* Strength Character.
*Determine Stress-stran
response

Model ion Loop

Modelation Loop

Model Calibration

sLithophysai Rocks

+ PFC modei lab-scale

calibration against resuits of

uniaxial compression and

statc fatigue testing
sNon-Lithophysa! Rocks

+ PFC model lab-scale

calibration against results of

uniaxial compression and

static fatique testing .

+ Shear strength of joint

samples

¢ Shear strength of rock

brdges

* Static fatigue

Model Confirmation
+Compare model to field stress-
strain response
«Develop understanding of
mechanisms of mechanical
behavior and influence of
lithophysae
*Adwst model properties to
achieve validation

RDTME 3.04, 3.05
3.07,3.11

RDTME 3.04, 3.05
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Overall Strategy to Geomechanical-Related

—

H
|
|
i
i
L

Field
Characterization

Lab Testing and
Model Calibration

In Situ Tesing and
Modesl Confirmation

KTI Resolution

Extrapolate from Limited
Testing to Rangae of
Geographic Conditions

Define Equivalent
Material Model for Lith
tor Design/Performance

Model Sensitivity Studies

of Drift Stability in Pre-
and Post-Closure

Geotechnical/Geological

Characterization of Tptp
*[ithophysal Rocks

* Variab. "ty ¢f shape, size.

distribution and poros ty of

litrophysae. Compare to

borehcle gecphys.cs

* Natural and mining-induced

fracturing in groundmass
*Non-Lithophysal Rocks

+ Var ability of joint geometric

parameters - dip:dip direction.

continuity. scale-dependent
roughness, terminations and
rcck bridges

Thermomechanical Lab
Testing

Lithophysal Rocks

* Mecharical constitutive

behavior and properties

* Therma prop's

* Static fatigue
*Non-Lithophysal Rocks

» Large existing data base

* Shear behavior of joints

* Shear strength of rock

bridges

In Situ Testing of Lithophysal
Rock
sFlatiack compression testing of
1m- cubes
* Deformability
» Strength Character.
*Determine Stress-strain

RDTME 3.04, 3.05.
3.07.3.08. 3.11.
3.15.3.17

* Suatic fatigue response
Model ion Loop Model Ction Loop
Model Calibration Model Confirmation

Lithephysal Rocks
* PFC model lab-scale
calibration agamnst results of
uniaxial compressicn and
static fatigue testing
*Non-Lithophysal Rocks
* °FC model iab-scale
calibrat on aga:st resulls of
umiaxial compression and
static fatigue testing
* Shear strength of joint
sampies
¢ Shear strength of rock
bridges
+ Static fatigue

*Compare model to field stress-
strain response

*Develop understanding of
mechanisms of mechanical
behavior and influence of
lithophysae

*Adjust model properties to
achieve validation

RDTME 3.04, 3.05
3.07.3M

RDTME 3.04,3.05

Extrapolation to
Various Conditions -
Tptpll
Extrapeation of
> mechanical -esponse cf
litn. Rock over ange of
expecied vanab -ty
using va -cated
n.mencal mede!

Estimation of In Situ
Joint Strength For
Rough,
Discontinuous Joints
Estimaton of "gnift
scale” direct shear

» response using
Barton-Bandis
empirical approach
and PFC numerical
madeling of rough
discontinucus joints

RDTME 3.04, 3.06
3.07,3.08,3.11,3.15

AN

N

S
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Overall Strategy to Geomechanical-Related

Field
Characterization

Lab Testing and
Modsl Calibration

Geotechnical/Geological
Characterization of Tptp
o[ :thophysai Bocks
« Variability of shape. size,
distribution and poros:ty of
Iithophysae. Compare to
norehole geophysics
* Natural and mining-induced
fracturing in groundrass
«Non-Lithophysal Rocks
* Vaniabllity ot joint gaomet ¢
parameters - dip‘dip direction
continuity. scale-dependert
roughness. terminations and
rock bndges

RDTME 3.04, 3.05.
3.07.3.08. 3.11,
315,317

Thermomechanical Lab
Testing
*{ ithophysai Rocks
* Mechanical constitutive
behavior ard prepenties
+ Thermal prop s
+ Static fatigue
*Non-Lithophysal Rocks
* Large existing data base
» Shear behavicr of joints
* Shear strength of rock
ondges
« Static fatigue

Model ion Loop

In Situ Tesing and
Modsl Confirmation

- KTI Resolution

Extrapolate from Limited
Testing to Range of
Geographic Conditions

Define Equivaient
Material Model for Lith
for Design/Pertformance

In Situ Testing of Lithophysal
Rock

*Flatjack compression testing of
“m+ cubes

+ Deformability

* Strength Character
sDetermine Stress-strain
response

Extrapolation to
Various Conditions -
Tptph
Extrapolaton of
mecharical resporse of
th Rock over range of
expectec vanability
using validated
numerical modet

Model Calibration

*Lithophysai Rocks

* PFC model lab-scale

ca braticn against results of

uniaxial compression arc

static fatigue testing
«Non-Lithophysai Rocks

¢« °FC model ‘ab-scale

calibrat on aga rst results of

unaxial compression and

static fat.gue testing

* Shear strergth of joint

samples

* Shear strength of rock

bridges

* Static fatigue

RDTME 3.04, 3.05
3.07.3.11

Model Confirmation
*Compare model to field stress-
strain response
sDevelop understanding of
mechanisms of mechanical
behavior and influence of
lithophysae
sAd;ust model properties to
achieve validation

RDTME 3.04, 3.05
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Estimation of in Situ
Joint Strength For
Rough
Discontinuous Joints
-stimation of “drit
sca e’ drect shear
response usng
Bartor-Bandis
empirical approach
and PFC numerical
madeling of rough
discontinuous jonts

RDTME 3.04. 3.06
3.07.3.08.3.11,3.15

Develop
equivalent
continuum material
model fcr
Iithophysal reck for
use n
design.perform-
ance calculators

RDTME 3.05

S
AN
I ~.
.

Model Sensitivity Studies N
of Drift Stability in Pre-
and Post-Closure

N

%
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Overall Strategy to Geomechanical-Related

KTl Resolution

Field
Characterization

Lab Testing and
Model Calibration

In Situ Tesing and
Mods! Confirmation

Extrapolate from Limited
Testing to Range of
Geographic Conditions

Detine Equivalent
Material Model for Lith
for Design/Performance

Model Sensitivity Studies
ot Drift Stability in Pre-
and Post-Closure

—»

Geotechnical/Geological
Characterization of Tptp
*sLithophysal Rocks
* Vanability of shape. size.
distribution and porosity ¢*
litrophysae. Compare to
borehole gecphys cs
* Natural and mining-induced
fracturing in grourcémass
*Nori-Lithophysal Bocks
* Variability of joint gecmetric
parameters - dip/dip direction
continuity. scale-dependent
roughness. term:natiors and
rock bridges

Thermomechanical Lab
Testing

*Lithophysal Rocks

*» Mechanical constitutive

behaviar and properties

* Thermal prop's

* Static fatgue
*Nen-Lithophysal Rocks

* _arge existing data base

* Snear behavior of joints

* Snear strength of rock

bridges

* Static fatigue

In Situ Testing of Lithophysal
Rock

*Fatjack compression testing of
‘M4 cubes

+ Deformability

* Strength Character.
*Determine Stress-strain
response

Model ion Loop

Model Coon Loop

RDTME 3.04, 3.05,
3.07.3.08. 311,
315,347

Model Calibration

*Lithophysai Rocks

* PEC model lab-scale

calibration against results of

uniaxial compression and

static fatigue testing
*Non-Lithophysal Rocks

* PFC madel lab-scale

caibration against results of

uniax al compression and

static fatigue testing -

* Shear strength of joint

samples

* Shear strength of rock

bridges

* Static fatigue

Model Confirmation
*Compare model to field stress-
strain response
*Develop understanding of
mechanisms of mechanical
behavior and influence of
lithophysae
*Adjust model properties to
achieve validation

RDTME 3.04.3.05
3.07,3.11

RDTME 3.04, 3.05

Extrapolation to
Various Conditions -

Tptpll
Extrapolat on of
> trachan cal response of
lith. Rack over range of
expected vanat ty
LSINg va ateq
rumerncal mede

Estimation of In Situ

Joint Strength For
Rough,
Discontinuous Joints
Estiration cf "anit
scale” cirect shear
» response usng
Barton-Bandis
empirical approach
anc PFC numerica
modeling of rough,
A1ScoNtiNuOUS Joints

—

Mountain- and loca.-
scale stress and thermal
moedeling for nita
conditions to stability
estimates

s o

Develop
equivalent
continuum maternial
model for
lithophysal rock for
use in
design‘perform-
ance calculatons

RDTME 3.04. 3.06
3.07,3.08,3.11,3.15

RDTME 3.05

v

Drift Stability

Estimations
«Cortinuum and
discontruum
methods
*Support
performance calc’s
for pre-closure
using 20 meaels
+3D Dynamic
discontinuum
methods for post-
closure rockfa
estimates

i

Groundg motor

input from PSHA
for pre and post-
closure seismic
rockfall analysis

RDTME 3.02, 3.06. 3.07.

3.08,3.09, 3.10, 3.11,
3.12,3.13,3.17,3.19
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Geology and Geotechnical Characterization
of the Topopah Springs Formation

e Steven Beason, United States Bureau of Reclamation
(USBR)
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eologic Cross-Section through the ECRB
Cross Drift

=~ Botiom of Cruu_DLﬂ(‘ 7.5 m above emplacemant drifts)
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Repository Host Horizon Geologic Units

e Repository Host
Horizon Rocks
Expected to be
Encountered by
Present Repository
Layout - Other

T [ ]
B ] emplacement regions
| N .
B SN are also under
t a ]
g consideration
v \‘ : ) ' N230
L L
: totprn
LR e b il
Iptpin
tptpul
NOTES: PLAN CA0fid swqennagn
O IRENATE S ARE Sha e BME TS SCACE S NEINE
R NG AN AR TN VAL LGS AR NESALA LA
PUANE DA TE s M ONAL
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Fracture Characteristics: Variations with
Lithostratigraphy”

Nonwelded (Tptrv3)
Moderately Welded (Tptrv2)

Densely Welded (Tptrv1)

vitnc

Nonliithophysal
zone (Tptrn)

[ Crystalrich member

Densely welded, crystalline rocks, white dashed lines indicate
vapor-phase partings, white circies and ellipses indicate lithophysae
U.pper black lines indicate fractures
Lithophysal
zone (Tptpul)
Densely welded, vitric rocks, black lines indicate fractures

Middie nonlitho-
physal (Tptpmn)

Crystalline

Nonwelded to moderately welded, vitric rocks,
black lines wth "F~ designation indicate faults

Lower
Lithophysal
zone (Tptpll)

Crystal-poor member
Proposed Repository Horizon

Lower nonlitho-
physal zone
(Tptpin)
Densely Welded (Tptpv3)

-

Vitric

Moderately Welded (Tptpv2)
Nonwelded (Tptpv1)

NTS
*Schematic illustration based on fractures with trace lengths greater the 1
meter. Groundmass in lithophysal units ubiquitously fractured on a smali,
inter-lithophysae scale
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Fracture Patterns of Central Block Area

Ty ‘M ‘ | Sundance 7( -
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Fracture Trace Length (meters)

Fracture Continuity (all data from ECRB
Detailed Line Survey)

60 ;
Tptpul
50

40

30

Tptpmn

Stationing (meters)

Tptpll

Frequency

Frequency

Tptpin

012234586 78 91011121314151617 181920
Length (0.5 mincrements)

Tptpin Fracture Continuity

. el - -
012 3 456 7 8 91011121314151617 181920
Length (0.5 m increments)
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Tptpul Fracture Continuity
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i
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s s 5 (PGP PAC AN

Length (0.5 mincrements)

Tptpmn Fracture Continuity

0t 234586 7 891011121314151617181920
Length (0.5 mincrements)
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Fracture Surface Topography in the Middle
Non-lithophysal Zone Drift-scale

£
)

’"‘f?"é S

& y
~~~~~~

Roughness and Rock Bridges

MM £ ”*’"?

Fractures often have
curved surfaces with
large-amplitude (10’s of
cm’s) asperities and
wavelength of meters

Fractures often terminate
in solid rock with
discontinuous
Interconnection to
adjacent joint tracks

Fractures often terminate
against other joints

YUCCA MOUNTAIN PROJECT
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Vapor-Phase Partings

Subhorizontal partings,
consisting of
concentrations of vapor-
phase mineralization
(primarily tridymite and
cristobalite) which form
continuous
discontinuities
subparallel to the dip of
the rock unit.
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BSC Presentations YMBoard 03/12/02.ppt 33



Vapor-Phase Partings

(Continued)

. ) \
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Fractures in the Middle
_Non-Lithophysal Unit

2\, * Three major joint sets
LA N ; can combine to form
removable rock wedges

e Fractures can form the
bounding planes of
wedges

e There are a total of six
recognizable wedges
throughout the existing
10+ kilometers of
tunnels in the ESF and
ECRB

I Y UCCA MOUNTAIN PROJECT
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Lithophysae

O
X
[~
e
0

=
o

3
O
[e
L

structures formed

during the cooling of
ash-flow tuffs
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Variability of Lithophysae Within the Lower
Lithophysal Unit

e ~1Tcmto 1.8 min size

e Shape is highly variable from smooth and spherical
to irregular and sharp boundaries

e Infilling and rim thickness vary widely with vertical
and horizontal spacing

e Volume percentage varies consistently with
stratigraphic position

e Lithophysae are variable in shape and size, but
stratigraphically-predictable



ion In

Typical Lithophysal Distribut

Lower Lithophysal Uni
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Example of Larger Lithophysal in Lower
Lithophysal Unit

-Lower Lithophy
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ECRB Fracture Frequency and Lithophysal
Percentaaes™

*Based on fractures with trace lengths greater than 1 meter

Groundmass fracturing ubiquitous in lithophysal units not shown

45 T35

40 Tptpul Tptpmn Tptpll Tpipln | S
s

35 -
30
£25
220
Z15
o

10

)

0 &F.,.q.b,qll.q _ﬂn,ﬁ;l | ‘

cCoRB888323 3882 raoNeRRBREBY
Stationi gcfmetgrs?

Fracture frequency /
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Close-up of ECRB Tunnel Wall in the
Lower itphysal Unit

P v
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Close-up of ECRB Tunnel Wall in the ECRB
With Small Fractures Shown

- ¥ "
poL omm AR 2AMS8 s N
e e~ e be R
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Additional Geotechnical Investigations
Now Underway - Joint Geometric
Characterization

. Study of Joint Geometry for Estimation
of Joint Shear Constitutive Behavior
and for Rockfall Model Input

. Re-examine joint geometric
characteristics, describe statistics of:

~ dip/dip direction
— trace length (continuity)
—~ terminations

— rock bridge lengths

— non-planarity (large scale roughness)
- Index properties

. Constitutive Behavior of Rough Joints
- Barton-Bandis empirical joint shear
constitutive model

N ¥ U CCA MOUNTAIN PROJECT
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Additional Geotechnical Investigations
Now Underway - Lithophysae Variability

 Geologic investigation of lithophysae’in ECRB currently
underway

— Detailed mapping and description of study “panels” along ECRB

— Linear traverses up ECRB using tape and angular measurements of
lithophysal porosity

— Shape, size, porosity, “rim” mineralization, spots, groundmass
mineralogy and fracturing described
— Variabil

[

ity of lithophysae will be documented in future AMR
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Thermomechanical Characterization
Program for Ground Support Design
Analysis

Larry Costin, SNL



Presentation Qutline

e Basis for Testing

e Lithophysal versus Non-Lithophysal Rock
 Laboratory Test Program

 |n Situ Test Program

e Data Integration



Basis for Design Characterization:
Themomechanical Data Needs

 Site Specific Rock and Rock Mass Data

+ Model Parameters

— Moduli

— Strength

— Joint stiffness, roughness, strength
— Thermal conductivity, capacity

— Thermal expansion

— Static fatigue

S Y UCCA MOUNTAIN PROJECT
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Basis for Design Characterization:
Thermomechanical Data Needs

(Continued)

e Variables

— Location

— Coupled effects T-M-H-C
— Porosity, joints, fabric

— Time

— Deformation mode

— Scale



Addressing the Issues:

Laboratory Measurements

-

Material Models

v

In Situ Property Estimates

>

In Situ Measurements

___3 | Model Sensitivity
Studies

BSC Presentations YMBoard 03/12/02.ppt

YUCCA MOUNTAIN PROJECT

49



Addressing the Issues:
Spatial Variability and Representativeness

« Assessmentof currentdata | -~ Nl
» Non-Lithophysal Data: _
—~ Address areas where existing -
data remains unqualified R
» Focused effort on R )
lithophysal rock i :




Number of Values
(includes Q and Q/TBV)

Existing Rock Mechanics Testing

80 .
60
40

ol

0
Tptpul

M O m O

B OO B [

Unconfined Comp. Strength
Triaxial
Joint Shear (rotary)

Tensile Strength

Cohesion
Triaxial Creep
Young's Modulus
Poisson's Ratio

Deform. Modulus

In Situ Elastic Modulus

Tbtpmn Tptpll Tptpln
Lithostratigraphic Zones in the Topopah
Spring Tuff
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Addressing the Issues - Time Dependent

Creep
Static Fatigue/Creep Testing of Intact Rock

Time-dependent strength of joints

Time-dependent deformation of the rock masses

Bl
Wi

Static Fatigue

Busted Butte Tuff
< 200 —
2 2 . 180 | .
© & 160 -
S &= 140 | = ae,
5‘5 120 © |
100 ' R

1 100 10,000 1,000,000

Time to Failure, seconds

o 58,-0.9584
time = 9x10~% ° At 100 MPa, time to failure of Tptpmn would be 7 billion years
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Characterization and Modeling Approach
Different for lithophysal and non-lithophysal rock units

Non-Lithophysal Rock

e Rock-mass deformation
accommodated by joints

¢ Additional characterization
of joint behavior

e Joint strength and stability

— Joint roughness and
condition, index correlations
(JRC)

— Time-dependent deformation
and strength

— Dependence on temperature,
moisture

— Cyclic loading

Lithophysal Rock

Rock-mass deformation
accommodated by voids
and degree of fracturing
between voids

Understand the deformation
mechanism

- Lab-scale testing
- Void porosity and distribution
— Failure Mechanisms

—  Thermal effects

I Y UCCA MOUNTAIN PROJECT
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Approach
Lithophysal Rock

Other aspects
Thermal expansion

Fracture/joint behavior

Time-dependence
Up-scaling

Lab — In situ —» Rock
mass

YUCCA MOUNTAIN PROJECT
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Laboratory-Based Characterization

e Exact numbers of tests and locations of sampling
await completion of analysis of current data and

development of sampling plans

« As much as practical, samples will be taken from in
situ test locations

s Y UCCA MOUNTAIN PROJECT
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Proposed Laboratory Testing Program for
Lithophysal Rock

Study Type Samples/locations Parameters/conditions
. Coefficient of thermal
Thermal expansion TBD expansion
Unconfined modulus,
Temperature effects TBD strength (to 200°C)
Unconfined modulus,
Saturation effects TBD strength (dry and
saturated)
. ST Unconfined modulus,
Spatial variability TBD strength
: . Time to failure at 50%-90%
Static fatigue TBD unconfined strength.
Joint/fracture shear TBD Joint deformation
properties
Joint fatigue TBD Time-dependent joint

strength

N Y UCCA MOUNTAIN PROJECT
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An Example of a Sampling Plan for
Proposed Laboratory Testing in
Lithophysal Rock

. Tests will vary

Pressure, Temperature, A
Size A | |
. Equally spaced S
sampling to address R . A, A | :
spatial variation in both AT &S A e
horizontal and vertical A T T P S S
b ) . I¢ . - .
i | . . A
o Extend spatial et I :
coverage south and .
west "
.-.- B SJarmplniyg Plan
4 Mecharncal Fropetties
A
A -

e Y UCC A MOUNTAIN PROJECT
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Laboratory-Based Characterization
Generalizing Current Results

NRG Data

3
IS

Ultimate Strength (MPa)

RS

Porosity s A N N A P, b
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Laboratory-Based Characterization
Numerical Analysis Results

Ectiective/Ematrix fOr Matrix Poisson's Ratio 0.2

—&— 1 Hole - Free

1.00 —e— 9 Hole - Free
0.90 —a— 36 Hole - Free
x 0.80 —o— 1 Hole - Const.
% —o— 9 Hole - Const.
LS 0.70 —8— 36 Hole - Const.
¢ 060
¢ 050
w 040
0.30 -
020 ' - - S N
0 10 20 30 40 50
Lithophysal Porosity (%)
E ifocive = Young's Modulus of specimens containing lithophysal cavities

E, ..« = Young's Modulus of specimens without lithophysal cavities
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In Situ Characterization
Nonlithophysal Rock

e Continue established test program
 Plate loading
« Continue analysis of Heated Drift Data

50

e Cooling Phase

40

30

Beuaring Pressure (MPa)

0 0.5 | 1.5
Displacement (mm)

t



In Situ Characterization: Lithophysal Rock
Slot Testlng

e Follows Roca, 1966 Three locations currently

planned
. Rock-mass modulus

e Range of rock conditions
 Strength

_ _ e Options:
e Time-dependent deformation

« Flatjacks rated to 50 MPa _ Pressure holds

» Ambient and heated - AE diagnostics

— Central hole

Front View Side View —  Thermal stresses
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Data Integration

Laborator In Situ tests
y Model Development in situ Rock Calibration/Confirmaion

Data > And Calibration ——p Behavior Prediction ’

v v 1

Key variables Up-scaling >
Voids/joints/intact

Design Parameter

—P Analysis

Adjust Model/input as Necessary

Time-dependent > Stress corrosion >
Degradation mechanism
Construction
* Confirmation
Variability/ o
Representativeness - Statistical
Distributions

R Y UCCA MOUNTAIN PROJECT
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Summary
Characterization Testing

e Addresses time dependent degradation

» Develops rock-mass model and parameters through
testing at different scales

+» Broadens data base to evaluate variability and
representativeness



Model Validation Strategy for Lithophysal

Rock

Impossible to “statistically” test
properties of lithophysal rocks - need
to use another approach to bound
range of properties

Propose to validate a model(s)
(Particle Flow Code and possibly
others) that explicitly represents the
mechanics of deformation and yield of
lithophysal rock — we wish to
demonstrate a thorough knowledge of
the mechanical and thermal behavior
of this material

Validate model directly against field
instrumentation data and observations

Once validated, use model for
extrapolation of mechanical behavior
for expected range of lithophysal size,
shape and porosity in repository block

Embed proper constitutive model for
lithophysal rock and into standard
design code for further ground support
performance studies

PFC 3D
“Sample”

Failure
Mechanism in
Uniaxial
Compression

Comparison / “‘:,m
Stress-Strain ;. /|

Response to / N
Laboratory S

R Y UCCA MOUNTAIN PROJECT
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Why use the PFC Model?

particle

hond

F;z - kn U
AF = ky AU
Fe <p F,

deformability

strength

PFC uses a fully-dynamic,
micromechanical discontinuum approach
that physically models pores as holes

Rock modeled as series of bonded
particles with shear and normal stress
bonds

Properties very simple - only shear and
normal stiffness, tensile and shear
strength of contacts, interparticle friction
angle after bonded failure

Non-linearity and complexity of response
arises from geometry of particles and
porosity

Allows for determination of propagation
of fractures in shear or tension, followed
by frictional resistance

Provides a direct physical analogy to
porous rock, and allews direct input of
lithophysae variation to model

R ¥ UCC A MOUNTAIN PROJECT
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Mechanical Behayior of Rock

When loaded in compression,
bonded assemblies develop non-
uniform force chains that induce the
formation of axially aligned
microcracks

These microcracks coalesce into
macroscopic fractures
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Is PFC in Widespread Use?

e PFC is used worldwide, primarily as a research tool
in rock constitutive modeling, granular materials
reasearch, powder research, rock dynamics, fluid
flow in granular materials, rock cutting, etc

» Following are some examples in rock mechanics in
which program has been used to investigate similar
problems to ours:

— Compaction of porous chalk in the Ekofisk Field, North Sea
— Mechanisms of shear constitutive behavior of a rough joint

— Time-dependent stress corrosion mechanisms in granite at
the URL, Canada

N Y UCCA MOUNTAIN PROJECT
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Example 1 - PFC Model Calibration of High-
Porosity Chalk from the Ekofisk Reservoir,

Unitorm size distnbuiion: R

i

T partec o
Creas st Miemdeld !
R . o i

n.i

(UVYRRTI. .
L TRE ol

K., ths o

b5

v

“olume-»ased porosity
area-based porosity

y

",

BSC Presentations YMBoard 03/12/02 ppt

North Sea

kn 1 cdMNmM
ks An o aun

p=4 30
ond streugthis (ooanal distehutiony
mean - 10 \MPa

sd diw 10 MPia

cadrye model (48245 porosity)
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One-dimensional Compaction of Porous
Chalk - Model Calibration

1 50€ +08 .
Y ! |
At 84 ‘l
P
ht'v jf ; [} 'aboratory data !
f’. 28% porosity J}j !. coarse model |
. } fine model
& 1 00E+08 , ‘ [ ]
g J ]
— E 38% porosity
i i
o WM NS
-.- i N A ” s
= 5 0O€ +07 - ' ¥ ‘t ‘v,,-' ,
- 2 48% porosity " Void Ratio versus Mean Stress
A T e
IO S R R y
. . . "L ; g Y
1 ‘“Jﬂ?"//vﬂ‘.«,m ¥
) e~ st T %
0 00F +00 L’ R — S R
000 ans c10 0°s 020 ﬁ . laboratorydata:
axial strain 08 "y ‘
° ;“ . 48% porosity [l coarse model
B - X ' [ ] fine mode!
E oro -~ _ S
T -
[+ ~E
> b
080 RS “‘g
> -
f.; -
- <:-
= o
0% + e . T
G 00F +00 * 00F <07 2 00t +07 3 DOF +Q7 4 00E +07 S 00E+07 8 O0E+07

mean stress (Pa)
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Example 2 - PFC Shear Box Test of Rough
Joint

Constant Vertical (Normal) Stress

—— ST N I L I B FRTRDARTRINNY  S————

Particle
A

Particle
B

©
: : . <0
Neanerical Fxperiment of f?

Rowch Joint in Shear b4+

Contact & Bond Parameters:
K, - contact normal stiffness

:0,0 g
3 K_ - contact shear stiffness
o i - contact friction cocfticient

F - normal bond strength

. . o Q ar Areno
Black bonded particles representing shear box F, - shear bond strength

Red unbonded particles representing joint
bonded particles representing intact rock
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Numerical Shear Box Experiment on Rough
Joints

Microcracks from Shear Failure ( )
.and Tensile Failure (Red)

Dircction of Motion _
G, =0.65 x UCS \,@
i > .

: .
\\\‘ u”{.. \ N H > _ N R r
= uib—i“ Sa it SERE . e S B o i LA, sy oL, B
AT ﬂ- —«{.r s b= T Y - S é
! b AR L . At - : s
: | : H
e eeteans T C_— eeren et ,,.._.,-,-._~,.---,_.\,....-s__..-

h: -4

Particle Contact Forces: Red = Fension
Black = Compression Line Thickness is
Pmpmlion 11 to Force M‘wniludu

Rough Joint

ST R

reoane G o0e0@etee. 00 00seBeses®P0oles. aa-d
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Applied normal

stress . . : .
Micro-cracks induced during shearing -

‘ ~ ] . ;,"ﬁ N . LT ; b - ]

25% of UCS [“’“ﬁﬁw~ﬁ&#%wwmawﬁ%af*wﬁhﬁt¢h—fm@—

50% of UCS

87.5% of UCS s

Notes: . States shown at displacement = 1% of box width
2. Red lines are tensile cracks: green lines are shear cracks

3. Maiterial was calibrated (in another test) to determine the UCS
(unconfined compressive strength).
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Comparison of PFC Model of Rough Joint to Empirical
Barton-Bandis Shear Constitutive Model

Comparison to Barton-Bandis | ,
. | Shear stress |
equations: |

r=0, tan{JRClog(JCS/c,)+¢,}
d, =JRClog(JCS/0o,)

Solid curves show values

calculated by these equations \

for:
¢ o4 Dilation angle
JRC =20

JCS=0. (UCS of sohd)

Crosses show results from
seven PFC simulations

' 1/
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Static-fatigue Data for LdB granite

data used for PFC2D calibration
simulated results

I

/ . |7~ LaB t‘ScrtAvrnthkn wet) : ‘
6 4 R - e _dB Lau wel } r |ab reSU|tS
a LdB iLatan well
. l . & SAK nAx (best it PFC2D matenab
L . S T r7 T -
O - » |
. $4 O | - -
Time to < T
failure (log | < R
g > 3 o
scale) = -+
2 o T
Laboratory Cpnditions ' o
T -25/C * .
Pc = 0 NIPa - - ’
O ; L I Lol ,,47,,,,, ek ,: —
0.50 0.60 0.70 0.80 0.90 1.00

sig/sig ¢
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PFC Model of Tunnel Crown

. The near-field around the URL tunnel
crown is modeled by a PFC region

. Everything else (including the far field) is
represented by an elastic solution (using
the FLAC code)

. After the initial, short-term stress\A
adjustment, the model is solved by time-

stepping. Cracks occur (due to stress
corrosion), causing new stress
distributions, and further cracks ...

Tunnel

1 Y UCCA MOUNTAIN PROJECT
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Use of PFC to Simulate the Time-
Dependent Evolution of Fracture
Development in the Tunnel Crown

> hours - e These results — simulated by
- o PFC - show tensile cracks in
red, and shear cracks in blue

- ‘ B
LT T Tunnel
%  boundary

(Ignore the
black lines)
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Additional Validation Via Comparison to
Acoustic Emission

Since PFC is a dynamic code, each bond-break
generates a pulse of kinetic energy. Several such
pulses, correlated in time and space, are equivalent
to a microseismic event

U ﬁ&%» - t:me
time ’ -.\I / \\
Field measurements f“Events”
of microseismic generated by the
events (after PFC simulation
Young & Hazzard,
2001)
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Example of Preliminary PFC Investigations
Investigating Effects of Lithophysal
Porosity on Failure Mechanism and

Strength
e Assistance of ltasca
LT Consulting Group - P.
‘ \ Cundall, D. Potyondy, Leads

o Middle-non lith failure mode
calibrated against lab test
results

e High end of strength scale
shown at left

e Failure mode in shear
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Preliminary PFC Investigation

Upper Lithophysal Zone

Evenly-distributed
lithophysal porosity

Presence of lithophysae
facilitates extension
fractures between holes
resulting in global shear
failure mechanism -
lithophysae act as flaws

Same matrix material as the
previous middle non-lith
example
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General Objective - Use of Model to
Supplement Testing and Help Establish
‘Rock Mass Variability

Generate ranges of rock

properties from lab, field
ST T and numerical

ST extrapolations that

account for variability in
the rock mass, porosity
being the greatest
contributor

K Upper Bound Non-1ith

:'Uppcr Bound Lith Extrapolation

« Produce variability and
[.ower Bound LilhIi\lrg;mlulmn Confidence |imitS for
| properties

SO Y 50 31
DUV POROSTTY fperoent)

o L.ab Values on Large cores

Schematic Example of the Type of Design ® InSitu Values
Information We Would Like to Produce -
Impact of lithophysae on Compressive
Strength
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Modeling Approach to Ground Controj\l\

Field
Characterization

Lab Testing and
Modasl Calibration

in SHu Tesing and
Mode| Vatidation

Extrapolate from Limited
Testing tc Range of
Geographic Conditions

Define Equivalent
Material Model for Lith
tor Design/Performance

Model Sensitivity Studies
of Drift Stability in Pre-

and Post-Closure /

Geotechnical/Geological

Characterization of Tptp
«Lithophysa! Rocks

* Varability of shape. s:ze

distributior: and porcsity of

lithophysae. Compare tc

berehole geopnysics

* Natural angd mining-induced

fracturng in groundmass
sNon-Lithophysat Rocks

* Variab'hty of joint geometric

parameters - cip:dip director,

continuity. scale-dependent
roughress, terminaticns ard
reck bridges

Thermomechanical Lab
Testing

Lithophysal Rocks

* Mechanical constitutive

behavior and properties

s Therma! prop's

* Static fatigue
+Non-Lithophysai Bocks

* Large existing data base

* Shear behavior of joints

¢ Shear strength of rock

bridges

+ Static fatigue

In Situ Testing of Lithophysal
Rock

*Fatjack compression testing of
1m+ cubes

+ Deformability

+ Strength Character.
*Determine Stress-strain
respense

Mode! ion Loop

Modelion Loop

RDTME 3.04. 3.05,
3.07.3.08. 3.1,
3.15.217

Model Calibration

«Lithophysal! Rocks

+ °FC model lab-scale

calibrahan against results of

un-axia’ compression and

static ‘atigue testing
sNen-Lithophysal Rocks

+ PFC mode' lab-scale

calibration against resuits of

uniaxial compression and

static fatigue testng

* Shear strength ¢* jort

samples

* Shear strength cf rock

bridges

* Static fatigue

Model Validation
*Compare model to field stress
strain response
*Develop understanding of
mechanisms of mechanical
behavior and influence of

thophysae
*Adjust model properties to
achieve validation

RDTME 3.04,3.05
3.07,3.1

RDTME 3.04, 3.05
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Extrapolation to
Various Conditions -
Tptpll
Extrapolation of
> mechanical response of
lith. Rock cver range of
expected vanab ity
vsing validated
nurencal model

e E

Meuntain- and local-
scale stress and thermal
modeling for in-tial
corditions to stability
estimates

Estimation of In Situ

Joint Strength For
Rough
Discontinuous Joints
Estimaton of "dnf:
scale” direct shea

» ‘esponse using
Barton-Banc s
emrpirca- approach
and PFC numerica
modeling cf rough.
discontinuous joints

Develop
equivalen:
continuum matenal
model for
lithophysal rock for
use in
design.perform-
ance calcuaticns

> performance calc's

RDTME 3.04, 3.06
3.07,3.08,3.11,3.15

RDTME 3.05

r

Drift Stability

Estimations
«Continuum and
discontinuum
methods
*Suppert

for pre-closure
using 2D models
2D Dynamic
discontinuum
methods for pest-
closure rockfall
estmates

I

Ground moticn

input from PSHA
for pre and post-
closure seismic
rockfall analysis

RDTME 3.02, 3.06, 3.07.
3.08,3.09, 3.10,3.11,
3.12,3.13,317,3.19
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Approach to Pre-closure Ground
Support Analysis

. Use of range of input properties
defined from testing and validated
model

. Rely on 2D models for analysis of

failure potential and deformation

Continuum (FLAC) with equivalent
mechanical behavior for lithophysal
rocks

- Discontinuum (UDEC) for non-
lithophysal rocks

° Parametric analyses of time-related
in situ, thermal, seismic response

Develop a series of ground reaction
curves that describe the rock mass
deformability and yield and
interaction with the support.
Determine support characteristics
necessary for ground control as a
function of time in pre-closure

- Determine, under these given
loading conditions, and along with
support longevity studies, whether
candidate methods are suitable

a
s lbfia”’
r,‘”

Fyuilibrium detormations and
' support Joads for different

support methods

Elastic
Portion of
GRC

Inclastic
yielding

Fadial Diephacgn som o wrsen bor nri|

characteristies

Support foree-displacement
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Review - Resolution Strategy for KTls
Pertaining to Rockfall/Drift Degradation

Appenalx 7 Meeting

Regional scale Scoping Analysis for 3/02 Subsurface Joint Strength
TM model Seismic Drift Stability Geotechnical Degradation
Testing Program Analysis
Start 10/01 .
Fi:irsh g//02 S.ta_"t 1/02 * Discuss adequacy
> Finish 4/02 € i datafor LA > Start 10/01 __p|  start 1/02
—> “Present Approach Finish 12/02 Finish 7/02
* Gener‘atfz‘ » Effects of duration to Resol F:p f
bound'a.ry/mmal and frequency of G eso LII1 fon °| « Fracture tests « Kemeny and
conditions for ground motion on drift eo-mechanical- * In situ tests PFC
drift scale model stability related KTls approaches
* Discuss modeling
RDTME 3.02, RDTME 3.02, approaches RDTME 3.04. 3.05, 3.07, RDTME 3.11, 3.15
3.07,3.10, 3.13, 3.08, 3.10, 3.12, 3.10,3.11, 3.16
3.20 ¢ 3.13
Small-Scale 3DEC/DRKBA parametric Appendix 7 Meeting DFmaldD:'.ﬂ
Fracture Analysis models egradation
1/03 Analysis/Probabilistic
Start 3/02 Start 7/02 Output of Results
Finish 7/02 ini < » Finalize models.
— Finish 12/02 Rl s ) . Start 12/02
* Discuss interpretation —P Finish 3/03
* Analyze impact of of results 1ns
small-scale * Include appropriate fracture ; ;
fractures on block properties and seismic levels * Final resolution of
development : rockfall KTls
RDTME 3.16, 3.17 OTME 3.10. .11 - TSPA feed
3.12.313,3.16, RDTME 3.17, 3.19
3.17,3.19,3.20
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Approach to Post-Closure Rockfall

e Approach is evolving at present. Formed post-closure
seismic working group to assist in planning and review.
Group consists of:

Allin Cornell (PSHA and probabilistic structural analysis methods),
Stanford University

Carl Stepp, Seismologist, PSHA, consultant

Walt Silva, Seismologist, ground motion determination

Kevin Coppersmith, Rich Quittmeyer, BSC Disruptive Events Group
lvan Wong, URS Seismologist

Peter Cundall, Branko Damjanac, rock mechanics dynamics modeling,
Iltasca Consulting Group

Mark Board, Dwayne Kicker, Ming Lin, BSC rock mechanics
William Boyle, DOE

Personnel from Engineered Barriers, Waste Package and Performance
Assessment groups
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Approach to Post-Closure Rockfall

e Step 1 - Provide initial conditions to emplacement
drift model. Conduct mountain-scale
thermomechanical simulations as a function of time
(provides in situ and mining-induced stress and
temperature variations vs time)

’ }"i‘ |( ;1) 73 ]07 .3b T le. Seneral views of the redel
< ¢ el R

1
T E

- -

EPREIE 2 o L T E o

3T an-s — T - o~
RERCRL NN & BN RN = :

b L T

Lhes W [EEEEREEE < - FLACID
oo e e

model of SR
Design
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Approach to Post-Closure Rockfall

Step 2 - Define post closure ground motions from PSHA
currently being developed by Disruptive Events group,
Carl Stepp, Lead. Approach is to examine ground motion
impacts from pre-closure annual exceedance limits to as
yet determined levels. Will investigate limits at which
significant damage occurs

Currently performing simple, conservative 2D analyses to
define effects of spectral shape, duration and acceleration
as well as rock joint geometry and strength on damage to
identify important ground motion parameters to rockfall

Identifying performance measure of rockfall most suitable
for interface to WP/DS - ie, rock mass, energy (velocity
and mass), etc

YUCCA MOUNTAIN PROJECT
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Approach to Post-Closure Rockfall

« Step 3 - Define rock mass parameters that need to be
varied in the rockfall analyses, and range of variation

— Joint geometry variables - dip/dip direction, spacing, trace
length, terminations

— Joint strength and surface properties - range of constitutive
properties based on lab and numerical extrapolations -

friction angle, dilation angle, cohesion (including presence
of “rock bridges”)

— Lithophysal rocks strength properties (deformation
modulus, cohesion and internal friction angle)

e Current testing program and geotechnical/geological
characterization feeds the above.
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Approach to Post-Closure Rockfall

Step 4 - 3D dynamic discontinuum analyses of rockfall
using 3DEC program, Branko Damjanac, Itasca Lead.
Conduct series of simulations using a number of ground

motions, varying rock mass parameters, determining
rockfall mass, velocities

— lIssues

+

Will use a “fragility” approach to cast rockfall in probabilistic
framework commensurate with PSHA and WP/DS analysis

Number of deterministic simulations necessary to properly
cast in probabilistic framework

Continuity of joints and method of accounting for rock
bridges and terminations

Duration of events, multiple events

Number of discrete points in time analyses that need to be
conducted
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Output

Produce a probabilistic output of rock mass (and
velocity) based on a “fragility” approach - ie, a
probability density function relating rockfall size
and/or energy to probability. Schematic of output
method envisioned:

- f

2

b

;i E

2 =
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= =)

z sl

= £

Probability distribution of
—prockfall given pga (for | | | |
example) ! ' ! ! >
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Outpu

(Continued)

e This probabilistic output will be used in analysis of
distribution of rock sizes and velocities that will
impact the drip shield

e Used as input to the Engineered Barrier Systems for
structural analysis of of the drip shield/waste
package, and ultimately to the TSPA process models

N Y UCCA MOUNTAIN PROJECT

BSC Presentations YMBoard 03/12/02.ppt 9



Summary

e Approach to resolving geomechanical-related KTI
agreements

Developing resolution plans for technically-related KTls

Presenting plan to key technical staff within the NRC and CNWRA for
feedback

Keeping NRC abreast of developments toward resolution of KTIs through
Appendix 7 meetings at key junctures The issues that lead to the RDTME
KTls related to ground support design and rockfall analysis

The proposed technical approach to the resolution of these issues
The logic behind the approach

How the approach will be used in the repository design and performance
assessment
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Summary (continued)

e Resolution Plan

— Proposed approach to determining geomechanical
properties of lithophysal and non-lithophysal rock types
involves:

+ additional geological characterization of the jointing and lithophysae
variations within the proposed repository horizon

+ laboratory and field thermomechanical testing of lithophysal rock and joints

+ calibration and validation of numerical models in conert with lab and field
testing

+ use of model as a numerical “laboratory” for extrapolation of mechanical
response over estimated geologic variability
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