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Introduction - Objective/Purpose 
of Meeting 

Objective 

- Establish open/interactive approach with the U.S. Nuclear 
Regulatory Commission (NRC) toward the resolution of 
RDTME KTIs 

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

* 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 spatial 
and temporal variations and uncertainties, and acquisition 
of additional data as needed 
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Introduction - Geomechanical-Related Key 
Technical Issue (KTI) Agreement 

Summaries (Continued) 

° 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 

* RDTME 3.07 

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

Summaries (Continued) 

• RDTME 3.08 

- Analysis of sensitivity and uncertainties of fracture patterns 

* RDTME 3.09 

- Analysis of possible rock movement in the invert 

* 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 

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

0 RDTME 3.15
Summaries (Continued)

- Field data and analysis of rock bridges and joint cohesion 

* RDTME 3.16 

- Technical basis for joint geometric representation used in 
modeling 

• RDTME 3.17 

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

* RDTME 3.19 

- Acceptability of the process models that determine whether
rockfall can be screened out

BSC Presentafions YMBoard 03112,02 ppt
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Introduction -Proposed Products, Meeting
Actions for Resolution of KTIs Pertaining to

*

*RDTME 3.04(1)

Ground Support Design 
Appendix 7 Meeting 

Subsurface 
3/02 Geotechnical Testing 

I IPrnnram
4*

Design Parameters 
Analysis REV 01 

Start 10/02 
Finish 2/03 

-Final input data

*RDTME 3.04(2), 3.05, 3.07

Scoping Analysis on Ground 
Control Sensitivity 

& Uncertainties 

Start 3/02 
Finish 6/03 

-Construction of 
representative models 

-implementation of data 

*RDTME 3.06, 3.08

BSC Presentations YMBoard 03/1202.ppt
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Design Parameters 
Analysis REV 00 

Start 4/01 
Finish 9/30/02 

* Evaluation of adequacy of 
current data 

* Identify additional testing 
required 

-Representative sampling 
plan

-Discuss Adequacy of data 
for LA 

-Present approach to 
resolution of 

geomechanical-related KTIs 
-Discuss Modeling 

Approaches

r U91 dl I I 

Start 10/01 
Finish 12/02 

-Laboratory testing 
-In-situ testing 

-Fractures studies

Appendix 7 Meeting 

1/03 

-Discuss adequacy of 
data for LA design 

Discuss approach to 
assessing 

uncertainties of data

Appendix 7 Meeting 

7/03 

-Finalize model types and 
applications.  

-Finalize inputs and 
bounding 
conditions 

-Discuss interpretation of 
results

Ground Control 
Analysis for 
Emplacement 

Drifts Analysis 

Start 1/03 
Finish 9/03 

-Final resolution of KTIs 
OLA design

III



Introduction - Proposed Products, Meeting 
Actions for Resolution of KTIs Pertaining to

Roc
Regional scale 

TM model 

Start 10/01 
Finish 3/02 

- Generate 
boundary/initial 
conditions for 

drift scale model 

RDTME 3.02, 
3.07, 3.10, 3.13, 
3.20 • 

Small-Scale 
Fracture Analysis 

Start 3/02 
Finish 7/02 

Analyze impact of 
small-scale 

fractures on block 
development 

RDTME 3.16, 3.17

.kfall/Drift DionAnalyses
Scoping Analysis for 
Seismic Drift Stability 

Start 1/02 
Finish 4/02 

Effects of duration 
and frequency of 

ground motion on drift 
stability 

RDTME 3.02, 
3.08, 3.10, 3.12,

4-

Subsurface 
Geotechnical 

Testing Program 

Start 10/01 
Finish 12/02 

Fracture tests 
9 In situ tests

RDTME 3.04, 3.05, 3.07, 
3.10,3.11, 3.16

Joint Strength 
Degradation 

Analysis 

Start 1/02 
Finish 7/02 

Kemeny and 
PFC 

approaches 

RDTME 3.11, 3.15

.j.1 .s

3DEC/DRKBA parametric 
models 

Start 7/02 
Finish 12/02 

Include appropriate fracture 
properties and seismic levels 

RDTME 3.10, 3.11, 
3.12, 3.13, 3.16, 
3.17, 3.19, 3.20

F--
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3/02 

* Discuss adequacy 
of data for LA 

-Present Approach 
to Resolution of 
Geo-mechanical

related KTIs 

• Discuss modeling 
approaches

Appendix 7 Meeting 

1/03 

Finalize models.  

Discuss interpretation 
of results

Final Drift 
Degradation 

Analysis/Probabilistic 
Output of Results 

Start 12/02 
Finish 3/03 

Final resolution of 
rockfall KTIs 

* TSPA feed

BSC~esetatins 
M~oad 

0i12!2pp



Overall Approach to KTI 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

LE P , . . I 

PLAN
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What are the Issues That Lead to the 
RDTME KTI's? - Lithophysal Rock 

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 

YUCCA MOUNTAIN PROJECT 
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What are the Issues That Lead to the 
RDTME KTI's? - Non-Lithophysal Rock 

• 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 

YUCCA MOUNTAIN PROJECT 
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What are the Issues That Lead to the 
RDTME KTI's? - Boundary, Initial and 

Transient Loading Conditions 
7.4. oftheodelLoading applied to 

Q
7

JL2 •02CCU mplacement drifts: 
C ýriI~1 F(-31 1 zz* 7~~y 

• •+002 v C[M D'S- , # :e4 In situ stress on a 
Cs: ~~,. n9 ;2 47 

m'ouontain scale needed ,.Ll_310 .",c 0m oun sc 

as initial condition for 
,oi,•0 analysis 

7The Ia'r -C 
Thp Iw- C3.r€ 

F"•'r 1 'Thermal loading time 
A3" history 

- Seismic loading from 
M i ~r -o Is.,•,. U 3A earthquake ground 

motions 
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What are the l 
RDTME KTI'

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

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

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

Continuum vs 
discontinuum modeling?

ssue is'?-
.S That Lead to the
Modeling Issues

Dynamic analysis using 
numerical models vs quasi
static keyblock methods? 

BSC Presentations YMBoard 03112/02ppt
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What do These Issues Mean to Rock Mass 
Property Estimation? 

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 

• 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 • 

YUCCA MOUNTAIN PROJECT 
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Proposed Approach To Geomechanics 
Properties Resolution 

• 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 

YUCCA MOUNTAIN PROJECT 
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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 

• In situ thermal/compression testing of lithophysal 
rocks 

• Confirmation of PFC mechanical model of lithophysal 
rock and "excavation-scale" joint constititutive 
response

* Extrapolation of 
and joints using 
characterization 
repository block 
geology

mechanical response of rock mass 
validated model and geologic 
to variable conditions within 
- directly ties to site specific 

YUCCA MOUNTAIN PROJECT
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Overall Strategy to Geomechanical-Related
KTI Resolution

In Situ Tesing and 
Model Confirtion

Entrapolat fromr Limited 
Testing to Range of 
Geogreph c Conditions

0De. EquI.alenl 
Material Model for Lrth 
for D-esgn.Performence

Model Sansititity Studies 
of Drift Stabilty in Pre
and Post-Closure

Geotechnical/Geo0loical 
Characterization of Tptp 

,L,throphysal Rocks 
, Variability c' shape, size, 

d strroution and porosity of 
lithcphysae Compare to 

cerehole geophysics 
- Natural and minrng-induced 
fracturing in groundmass 

*Non Ltnophysal Rocks 
- Variabiltty of joint geometr c 
parameters - d'p direct~on.  
cortinuity, scale-dependent 
roughness, terminations anc 
rock oridges 

RDTME 3.04, 3.05, 
3.07, 3.08, 3.11, 
3.15, 3,17

BSC Presentations YMBoard 03,"12'02.ppt
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Overall Strategy to Geomechanical-Related
KTI Resolution

Field Lab Testing and In Sltu Teeing and Extrapolate from Limited Define Equlvalent Model Seneftioity Studies 

Characterization Model Calibration Model Confirmutint Testing to Range of Materiel Model for Lith of Drift Stability In Pre

Geographic Conditions for Dasign/Performance end Post-Ciosumr

RDTME 3.04, 3.05, 
3.07,3.08,3.11, 
3.15,3.17

-0.

Thermomechanical Lab 
Testing 

*Lithophysal Rocks 
- Mechanical constitutive 
behavior and properties 
"* Thermal prop's 
"• Static fatigue 

*Non-Lithophysal Rocks 
* Large existing data base 
* Shear behavior of joints 
• Shear strength of rock 
bridges 
- Static fatigue 

Model 0rion Loop 

Model Calibration 
*Lithophysal Rocks 

- PFC model lab-scale 
calibration against results of 
uniaxial compression and 
static fatigue testing 

*Non-Lithophysal Rocks 
- PFC model 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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Geotechnical/Geological 
Characterization of 12f2 

*Lithophysal Rocks 
• Variability of shape, size, 
distribution and porosity of 
lithophysae. Compare to 
borehole geophysics 
- Natural and mining-induced 
fracturing in groundmass 

*Non-Lithophysal Rocks 
- Variability of joint geometric 
parameters - dip/dip direction, 
continuity, scale-dependent 
roughness, terminations and 
rock bridges

I 
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Overall Strategy to Geomechanical-Related 
KTI Resolution

Lab Testing and 
Model Celibration

In Situ Tesing and 
Model Conirmati-on

Extrapolate from Limited 
Testing to Range of 
Geographic Conditions

Define Equoefierit 
Matenil Model for Lith 
for Design/Performance

Model Sensitfvity Studies 
of Drift Stability Ir Pre
and Post Closure

-

GeotechnicalIGeologica I 
Characterization of Iptp 

.Lt,thophzsa' Rocks 
- Variabihty of shape, size.  
distribution and )orns ty of 
litl-ophysae Compare to 
borehole gecphvs cs 
. Natural arc mining or ded 
fracturing in groundmass 

*Non-Lithophysal'Rocks 
- Variability of joCnt geometic 

parameters- dtpipdp drection 
continuity scale dependert 
roughness terrrnations and 
rock bridges 

RDTME 3.04,3.05.  
307, 3.08 3.11, 

315, 3.17

Model tion Loop 

Model Calibration 
,Lthophysai Rocks 

- PFC mode lab-scale 
cahbration against results of 

uniaxial compression ard 
stat c fatigue testing 

oNo,- Lthophysal Rocks 
-PýC model lab-scale 
calibration agairst results of 
uniaxial compression and 
static fat gue testing .  
- Slear strength of loint 
samples 
* Snear strength of rock 
lbdoes 
* Static fatigue 

RDTME 3.04. 3.05 
3.07, 3.11

Model Q ation Loop

Model Confirmation 
-Compare model to field stress
strain response 
*Levelop understanding of 
mechanisms of mechanical 
behavior and influence of 
lthophysae 
,Ad~ust model properties to 
achieve validation 

RDTME 3.04, 3.05
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Field 
Characterization

Thermomechanical Lab 
Testing 

*L,,thophysal Rocks 

- Mechanical constitutive 
behavwcr and croperties 
* Thermal prop's 

* Staticr atigue 
*No,',-L,'thochysa! Rocks 

* Large existing data base 

* Shear behav,or of rounts 
* Shear strengt of rock 
bridges 
- Static fatigue

In Situ Testing of Lithophysat 
Rock 

.Fiatlack compression testing of 
lm -cubes 

* Deformability 
* Strength Character 

-Determine Stress-strair 
resconse

BSCPresentations 
YMBoard 03/! 2i02ppt
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Overall Strategy to Geomechanical-Related
KTI Resolution

Field 
Clhrct.rizaMion

*

GeotechnicallGeological 
Characterization of0 Tt 

,L thqptvsa' Rocks 
- Variahb, ty of shape, sze.  

distribution and pores ty 0' 
Iitopahysae Comparet3 
borehcle gecphvs cs 
- Nataral and mining-induced 
f'acturing in groc.rdrnass 

.Nqn-L,thophvsai Rocks 
@ Vat ability of joint geometric 
parameters - dod.dp dre. ot .  
conti•i ty. scale-dependent 
roughness, terminaticns and 
rock bridges 

RDTME 304, 3.05.  
3.07. 3.08, 3.11.  
3.15.3.17

Lab Testing and 
Model Calibretion

Thermomechanical Lab 
Testing 

Cr itthopnysa' Rocks 
vMecharcal constitutive 

behavior and properties 
STnlerma prop s 
* Static fatigue 

eNDa,- L'ttrphysa Rocks 
, Large exest data base 

Shear behavior of jtints 
S Shea, strength of rock 

bridges 
- Static fatigue 

Model Q tion Loop 

Model Calibration 
*L,'thcohysa/Rocks 

- PFC model lab-scale 
calibration against results of 
uniaxiai compression and 
static fatgue testing 

*Noan cthophysai Rocks 
- DFC model iab scale 
calibrat cn aga rst results of 
uniaxial compression and 
stai tfatigue testing , 
- Shear strength of joint 
samples 

SSrcear strength of rock 
bhrdges 
S tatic fatigue 

RDTME 3.04, 3.05 
3.07.3.11

In SRtu Tesing end 
Model Confirmation

In Situ Testing of Lithophysal 
Rock 

o
0

lat ack compression testing of 
in-- cubes 

* Deformability 
* Strength Character 

P etermine Stress-strain 

response 

Model CC tion Loop 

Model Confirmation 
eCompare model to field stress 
stra n response 
-Develop understanding of 

mechanisms of mechanical 

behavior and influence of 
lithophysae 
-Adjust model properties to 

achieve validation 

RDTME 3.04, 3.05

Extrapolate from Limited 
Testing to Range of 
Geographic Conditions

Extrapotation to 
Various Conditions 

F strapo aticn O
mechanical esponsp of 
lit, Rck ever *ae f 

epectý- ed riahab y 
,sing va capteo 

Estimation of In Situ 
Joint Strength For 

Rough.  
Discontinuous Joints 

Fstimnatcon of drift 
sc le' dire- shear 

response using 
Bartna-Bandis 

empinrcal approach 
and PFC n ,rnerical 
r".odeling tf rough 
ds ontrinucus oills 

RDTME 3.04, 3.06 

3.07, 3.08. 3.11, 3.15

Define Equivalent 
Material Model for Lith 
for Design/Performance

Model Sensitiiy Stodies 
of Drift Stabiliy in Pro 
and Post-Closure 

1
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Overall Strategy to Geomechanical-Related
KTI Resolution

Extrapoiate from Limited 
Testing to Range of 
Geographiti Conditions

De.ine Equivalent 
Material Model for Lith 
for DesignPerlotmance

Model Sensiivity Studies 
ol Dri f Stability in Pre, 
and Post-Closure

-

Geotechnical/Geological 
Characterization of TOP 

*Lthophysai Rocks 
- Variabilitý of shape, size 

distribution and porosty of 
thophysae Compa'e to 

norehole geophysics 
* Natural and mnining-induced 
fracturing n gro~ndm-ass 

*Non-Lithophvsai RocAs 

- Variabilit!' v i joint geomet, c 

paameters - dipo'di direction 
continuity scale-dependent 
'ougnness terrmations and 
rock bridges 

RDTME 3.04, 3.05.  
307, 3.08 3.11, 

315, 3.17

Thermomechanical Lab 
Testing 

Sthoprysa' Rocks 

* Mechaical constitutive 

behavior ard prcperties 
* Thermal prop s 

S Static fatigue 

*Non-Lithopnysa' Rocks 
L Large existing data base 

* Shear behavior of joints 
* Shear streqgth of rock 
ondges 
- Static fatigue 

Model Q tion Loop

Model Calibration 
,Lthophysai Rocks 

* PF. model lab-scale 
a oration against results of 

uniaxial comoression ard 
static fatigue testing 

*Non -. ithophysai Rocks 
- ROC model ab-scale 
calibrat on aga rst results of 
un axial compression and 
static fat cue, esting .  
- Snear st'ergth of joint 
samnoles 

- Shear stre-gth of rock 
bridges 
* Static faloue 

RDTME 3.04, 3.05 
3.07, 3.11

In Situ Testing of Lithophysal 

Rock 
oFlatlacK compression testing of 
'm+ cubes 

* Deformability 
* Strength Character 

,Determine Stress-strain 
response 

Model Co G on Loop 

Model Confirmation 
*Compare model to field stress
strain response 
-Develop understanding of 
mechanisms of mechanical 
behavior and influence of 
httophysae 
*Ad ust model properties to 
acrieve validation 

RDTME 3.04, 3.05

Extrapolation to 
Various Conditions 

Ex trapolato- of 
1upcharical rest~rc [Se of 

1h POCKcore, range If 
Pxpectec variability 

using validated 

numerical model

Estimation of In Situ 
Joint Strength For 

Rough, 
Discontinuous Joints 

s 'rnation of dr T 
s5a e' d.'ect shpear 

respo"vs us,ng 
Bartor-Bandis 

empirical aporoach 

a-d PFC n~merical 
rodeling oftrough 

dscorntinuous oints 

RDTME 3.04. 3.06 
3.07, 3.08. 3.11. 3.15

BSC Presentations YMBoard 03/12 02 ppt

Develop 
eq. valent 

ontinuum material 

model fcr 
lithophysai rock for 

use r 
desgn.pe-form

ance calculaiors 

RDTME 3.05 
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Overall Strategy to Geomechanical-Related
KTI Resolution

Extrapolate from Limited 

Testing to Renge of 
Geographic Co•dit ons

Define Equivaient 
Material Model for Lith 
for Design/Performance

J 
Model Seriiity Studies 
of Drift Stability in Pre
and Post.Closure

Geotechnica I/Geoloqical 
Characterization of Tptp 

•Lthophsa/ Rocks 

- Varaih ty of shape. size 
distribution and porosity c' 
liti-onhysae Compare to 
borehole geophys cs 
- NaLural and mining-induced 
fracturing •r grourdmass 

-Non,-L'thophysa! Rocks 
- Variability of oint geometric 
parameters- dip'dip direction 
continuity scale-dependent 
rougrness, termOatiorns and 
rock bridges 

RDTME 3.04, 3.05.  
3 07, 3.08 3.11.  

315,3.17

Thermomechanical Lab 
Testing 

•Lthopriysa; Rocks 
• Mechanral constitutyve 
behavor and propert es 
* Thermal Drop's 
* Static fatigue 

"*Ncn-Litnophysa, Rocks 
_arge existing data base 

* Shear behavior of joints 

S Snear strength of rock 
bridges 

- Stat, fatigue 

Model rtion Loop 

Model Calibration 
,Lthophysal Rocks 

- PFC model lab-scale 
calibration against results of 
uniaxial compression and 
static fatg,,e testing 

*Non-Lthophysal Rocks 
, PFC model lab-scale 
cahbration against results of 
uniax al compress on and 
static fatigue testing .  
, Shear strength of joint 
samples 
, Snear strength of rock 
bhrdges 
* Stati- fatigue 

RDTME 3.04, 3.05 
3.07, 3.11

In Situ Testing of Litho~hvsal 
Rock 

*Fatljack compression testnr o f 

SrIm cubes 
* Deformabi ity 
* Strength Character.  

*Determine Stress-strain 
response 

Model Co, im on Loop

Model Confirmation 
-Compare model to field stress
strain response 
-Develop understanding of 
mechanisms of mechanical 
behavior and influence of 
lithophysae 

-Adjust model properlies to 
achieve validation 

RDTME 3.04, 3.05

BSC Presentations YMBoard 03i12,02.ppt

Gro,-no mot or 
rnput from PSHA 
for pre and post
closure seismic 
rockfa!! analysis 

RDTME 3.02, 3.06. 3.07.  
" 3. 08 3 .1 0 8, 3 . 011 , 

A qEZ ~ g 3.102, 3.13, .3.1'7, 3.19 
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Lab Testing end 
Model Calibraton

In Situ Tesing and 
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Geology and Geotechnical Characterization 
of the Topopah Springs Formation 

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

1600 CROSS DRIFT AS-BUILT GEOLOGIC CROSS SECTION16
SOLTARIO1 CANYON FAULT 
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Geologic Map of the Central Block Area
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Repository Host Horizon Geologic Units

I
1.  

.. , �,..  

4.

NOTES: 

I .•!I 2IV. ' A ý, A , H: " M IJ 4

N236 00

N232 000

-4230 000 

LEGEND:
200 METER STANDOFF TO DIRECTLY OVERLYING 
GROUND SURFACE WITHIN THE RHH 

UNIT INTERCEPT WITH REFERENCE 
INVERT PLANE 

I•NIT INTERCEPT WIT+ REFERENCE 
ROWN PLANE 

tptpln 

Ptptul

PLAN A[t -,, 
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Fracture Characteristics: Variations with 
Lithostratigraphy*

Nonwelded (Tptrv3) 
A Moderately Welded (Tptrv2) 

E 
> Densely Welded (Tptrvl) 

F Nonlithophysal 
zone (Tptrn) 

Upper 
Lithophysal N 
zone (Tptpul) 

Middle nonlitho
physal (Tptpmn) ,2 

• Lower 
• Lithophysal F 

zone (Tptpll) 

Lower nonlitho- Cl* 
physal zone 
(Tptpln) 

Densely Welded (Tptpv3) 

Moderately Welded (Tptpv2) 

Nonwelded (Tptpvl)

Densely welded, cystalline rocks, white dashed lines indicate 
vapor-phase partings, white circles and ellipses indicate lithophysae 
black lines indicate fractures 

Densely welded, vitric rocks, black lines indicate fractures

Nonwelded to moderately welded, vitric rocks, 
black lines w th *F designation indicate faults

NTS 
*Schematic illustration based on fractures with trace lengths greater the 1 

meter. Groundmass in lithophysal units ubiquitously fractured on a small, 
inter-lithophysae scale 
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Fracture Patterns of Central Block Area
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Fracture Continuity (all data from ECRB 
Detailed Line Survey)

Tptpul 

*1 

oo ..

Tptpul Fracture Continuity
Tptpll

100 

80 

S60 
- 40 

u_ 20 

0

0 /S Q <ý5 m increents) 

Length (0 5 m increments)

I=.°
Tptpmn Fracture Continuity

Stationing (meters)
Tptpll Fracture Continuity

120 

20 C 
60 

-40 

20 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 11J1891920 

Length (0 5 m increments)

60 

50 

E 40 

30 

I- 20 

lo LL1

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Length (0.5 m increments)

Tptpln Fracture Continuity

60 

50 

40 

S30 

20 
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0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Length (0.5 m increments)
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Fracture Surface Topography in the Middle 
Non-lithophysal Zone Drift-scale
Roughness and 

• i';•, .•t•..."J• '••• :' :,'• , -... '-, Rock Bridges 
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 
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Vapor-Phase Partings 

• Subhorizontal partings, 
consisting of 
concentrations of vapor- .  
phase mineralization 
(primarily tridymite and 
cristobalite) which form 
continuous 
discontinuities 
subparalleldto the dip of..  
the rock unit.  
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Vapor-Phase Partings 
(Continued)
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Fractures in the IV 
Non-Lithophysal 

Thn can

liddle 
Unit 

ee major joint sets 
i combine to form 
iovable rock wedges

. Fractures can form the 
bounding planes of 
wedges 

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

Hollow, bubblelike 
__ structures formed 

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

0 -1 cm to 1.8 m in size 

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

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

0 Volume percentage varies consistently with 
stratigraphic position 

• Lithophysae are variable in shape and size, but 
stratigraphically-predictable 
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Typical Lithophysal Distribution in 
Lower Lithophysal Unit
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Example of Larger Lithophysal in Lower 
Lithophysal Unit
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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

Tptpu l Tptpnm

I~a a 1 0 .1 1.6
0 "N)W P.-0"1M) 
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C0 0 

0 0 0
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Jto n 0 gn O0 
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(0 
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NJ 
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0~ CD 0 
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NJ N (Cb -I• 

0C 
0C

"pt pl
I--

.) NJ ) N.) 
0 n CI. I) 
D 0 0 0 
D 0 0 0

Fracture frequency /
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Close-up of ECRB Tunnel Wall in the 
Lower Lithophysal Unit 
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Close-up of ECRB Tunnel Wall in the ECRB 
With Small Fractures Shown 
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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: W " 

dip/dip direction 

trace length (continuity) 

terminations 

rock bridge lengths 

non-planarity (large scale roughness) T,..."., ." 

Index properties 

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

- Variability of lithophysae will be documented in future AMR
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Thermomechanical Characterization 
Program for Ground Support Design 

Analysis 
Larry Costin, SNL
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Presentation Outline 

* Basis for Testing 

* Lithophysal versus Non-Lithophysal Rock 

* Laboratory Test Program 

- In Situ Test Program 

* Data Integration 
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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 

YUCCA MOUNTAIN PROJECT 
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Basis for Design Characterization: 
Thermomechanical Data Needs 

(Continued) 

• Variables 

- Location 

- Coupled effects T-M-H-C 

- Porosity, joints, fabric 

- Time 

- Deformation mode 

- Scale 
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Addressing the Issues: 
Rock Mass Properties

Laboratory Measurements

I In Situ Property Estimates I
In Situ Measurements I

K
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Addressing the Issues: 
Spatial Variability and Representativeness

* Assessment of current data 

• Non-Lithophysal Data: 

Address areas where existing 
data remains unqualified 

* Focused effort on 
lithophysal rock

n. ýA.

i

-I
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Existing Rock Mechanics Testing

1

Tptpul Tptpmn Tptpll Tptpln 

Lithostratigraphic Zones in the Topopah 
Spring Tuff
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Addressing the Issues Time Dependent

0 Static Fatigue/Creep
Creep 
Testing of Intact Rock

• Time-dependent strength of joints 

* Time-dependent deformation of the rock 

Static Fatigue

Lo-

200 
180 
160 
140 
120 
100

K
I

masses 

0%:! 

p ...

U

100 10,000 1,000,000

Time to Failure, seconds

time = 9xO18e-".9584c
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 Lithophysal Rock

• Rock-mass deformation 
accommodated by joints 

• Additional characterization 
of joint behavior 

* Joint strength and stability 

- Joint roughness and 
condition, index correlations 
(JRC) 

Time-dependent deformation 
and strength 

- Dependence on temperature, 
moisture

• 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

- Cyclic loading
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Approach 
Lithophysal Rock 

• Other aspects 

. Thermal expansion 

* Fracture/joint behavior 

* Time-dependence 

• Up-scaling 

* Lab-*Insitu ---- Rock 
mass 
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Laboratory-Based Characterization 

° 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 
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Proposed Laboratory Testing Program for 
Lithophysal Rock
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Study Type Samples/locations Parameters/conditions 

Thermal expansion TBD Coefficient of thermal 
expansion 

Temperature effects TBD Unconfined modulus, 
strength (to 2001C) 

Unconfined modulus.  
Saturation effects TBD strength (dry and 

saturated) 

Spatial variability TBID Unconfined modulus, 
strength 

Static fatigue TBD Time to failure at 500/0-90% unconfined strength.  

Joint/fracture shear TBD Joint deformation 
properties 

Joint fatigue TBD Time-dependent joint 
strength



An Example of a Sampling Plan for 
Proposed Laboratory Testing in 

Lithophysal Rock
* Tests will vary 

Pressure, Temperature, 
Size 

• Equally spaced 
sampling to address 
spatial variation in both 
horizontal and vertical 

* Extend spatial 
coverage south and 
west

A

A'

AK.h.L 
- A� A 

- A a.

S 
Sl

-i 

A

Sa3m plri- Plat-, 
rvMt~ti•j; l:-~i [~u ,_ iti_:. 1
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Laboratory-Based Characterization 
Generalizing Current Results 

NRG Data 

4 4.04•n• 

* 4~ ~ ~ 4 v~ j +I 

S±+

N 
'N

,,0.946 " 214
44 

± 

+

4-

10
Porosity
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Laboratory-Based Characterization 
Numerical Analysis Results 

Eeffective/E matrix for Matrix Poisson's Ratio 0.2 

0 1 Hole - Free 

1.00 -- 9 Hole- Free 

0.90 =-- 36 Hole- Free 

._X-0.80e 1 Hole - Const.  

- -G--o- 9 Hole - Const.  
E 0.70 

L 36 Hole - Const.  

S0.60 

S0.50 

Lu 0.40 

0.30 

0.20 

0 10 20 30 40 50 

Lithophysal Porosity (%) 

E_,retti,_, = Young's Modulus of specimens containing lithophysal cavities 
Elmlti\::_i= Young's Modulus of specimens without lithophysal cavities 
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In Situ Characterization 
Nonlithophysal Rock

° Continue established test program 

* Plate loading 

* Continue analysis of Heated Drift E 
50) 

* Cooling Phase 
"" 40 

30 

11.J 2()

)ata

104 

1()

() 0.5
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In Situ Characterization: Lithophysal Rock 
Slot Testing 

Follows Roca, 1966 • Three locations currently 
planned 

Rock-mass modulus 
S t Range of rock conditions 
SetOptions: 

Time-dependent deformation - Central hole 

Flatjacks rated to 50 MPa - Pressure holds 

Ambient and heated AE diagnostics 
Front View Side View Thermal stresses

K
A E
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Data Integration
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Summary 
Characterization Testing 

* Addresses time dependent degradation 

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

Broadens data base to evaluate variability and 
representativeness 
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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

/ V

Comparison 
Stress-Strain 
Response to 
Laboratory
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Why use the PFC Model?

F,, k,, U,, 

F kdel(')for bilitY 

Fs </p F,, strength

BSC Prese

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 allows direct input of 
lithophysae variation to model 
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Mechanical Behavior 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

{ -f 

$ N 

NI 

N I 
N, -� N, / 

I I 
/ 

N I 
-�. / ,�-s, 
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I 
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Is PFC in Widespread Use? 

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 
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Example 1 - PFC Model Calibration of High
Porosity Chalk from the Ekofisk Reservoir, 

North Sea
uniform ,,•jucdlfptnt•|onýRrm 

r 811l.11 

' I '. P • •

(faverrr mkl (29% p.rootity)

kn 1 'r4 MN Nm 

L% An ' 1 1 

v - 30 

'I 7tdf1 lo1C MRP
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One-dimensional Compaction of Porous 
Chalk - Model Calibration

26% porosity

A

If0 

0 00F .00 

go0

/po 
4'38% porosity

A 
.v�

48% poroslty 

,' r ,.-Z'', 7

l aboratory data 

*oaerse model 

*fine mode4

Void Ratio versus Mean Stress
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- PFC Shear Box Test of Rough 
Joint

B
Constant Vertical (Normal) Strcss 

( , 1' 1.1 1 [ 1 ,] ,i : ;i B [ :> \ ' ,

Black bonded particles represenlting shear box 
Red unbonded particles representing joint 

bonded particles representing intact rock

BSC Presentations YMBoard 031/12/0? ppt
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Kr,- contact nlormal stiflncss 

K - contact shear stiffness 

ýt - contact friction coeffi cient 
F- nornmal bond strength 
F- shcar hond strength 
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Numerical Shear Box Experiment on Rough 
Joints 

Direction of Motion( 5"G--= 0.65 I..JXUCS --- Mic-rocracks f,-on Shear Failure ( 

.. - - - - - - - - - - - - - -. .. . .. . and Tensile Failure (Red) .................  

44,ýzI14 1'%

.. • . .... .............. ........................ .... ... .. ,. . _ ... ... .......... .. . .. ..... • . .•........... .. . . •......... ........... ... . ........ . . .... .... -........ •... . .... •............................... . . . . . . . . . .  

Particlc Contact Foices: Red = Tension 
Roug Jont xIanded View Black= Compression Line Thickness is 

Pioportional 10 Force Magnitude 

7 - .. - : ' N-,,,,
..... : • - . t%... ...... : • __ 

0001000000. goe 
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Applied normal 

stress

25% of UCS

50c of UCS

87.5% of UCS

Notes:

Micro-cracks induced during shearing -

Lw_- I 
K � 

-J b1 

- � -- S 
K '5�\t .. * I,-

I . States shown at displacement 1 X of' box width 

2. Red lines are tensile cracks; green lines are shear cracks 

3. Material 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 
equations: 

z- r,, tan{JRClog (JCS/ou,,) + ,.}

d,, = JRC log-(JCS /all) 

Solid curves show values

Shear stress

calculated by these equations 
for: 

#,. -24

JRC-20 

JCS- cr (UCS of solid)

Crosses show results from 
seven PFC simulations
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Static-fatigue Data for LdB granite 

data used for PFC2D calibration

simulated results

Time to 
failure (log 
scale)

c4 

2) 
0 
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0

d

Laboratory C 
T 25 

Pc 0N
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a
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cnditions 
C

IPa

0.60 0.70

U

L dB (i LJ •.•hT) k( 
-*J .wBL h 
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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 
adjustment, the model is solved by time
stepping. Cracks occur (due to stress 
corrosion), causing new stress 
distributions, and further cracks ...

Tunnel
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Use of PFC to Simulate the Time
Dependent Evolution of Fracture 

Development in the Tunnel Crown

2 hours
* These results - simulated by 

PFC- show tensile cracks in 
red, and shear cracks in blue

2 days 

2 months 

2 years

Tuinnel 
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

I I K) K

time"N..

time /

Field measurements 
of microseismic 
events (after 
Young & Hazzard, 
2001)

"Events" 
generated by the 
PFC simulation
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Example of Preliminary PFC Investigations 
Investigating Effects of Lithophysal 
Porosity on Failure Mechanism and 

Strength 
Assistance of Itasca 

SConsulting Group - P.  
Cundall, D. Potyondy, Leads 

Middle-non lith failure mode 

4'," Ž, ,, ' calibrated against lab test 
, , , results 

()'g r" % ' High end of strength scale 
S"shown at left 

,' Failure mode in shear 
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Preliminary PFC Investigation 

Upper Lithophysal Zone _ __ ___ __ 

* Evenly-distributed I /I, 

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

t*" '',' BOL" r 

S-J ppC!i. orlnd 

so'

id Non

Variability 
* Generate ranges of rock 

properties from lab, field 
and numerical 
extrapolations that 
account for variability in 
the rock mass, porosity 
being the greatest 
contributor

1.I1h l'\t!itpoltitll,

* Produce variability and 
confidence limits for 
properties

I II>

* I, VhtIIuc', on I oroc CoC-cS

Schematic Example of the Type of Design 
Information We Would Like to Produce 

Impact of lithophysae on Compressive 
Strength

* In Situ \a]'LIC
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Modeling Approach to Ground Control

Thermomechanical Lab 
Testing 

*Lfthophysai Rocks 

- Mechancal constitutive 
behavior and properties 
* Thermal props 
* Statc fatigue 

*Non -Lithophysai Rocks 
, Large existing data base 
* Shear behavior of joints 
* Shear strength of rock 

bnoges 
- Static fatigue 

Model O tion Loop 

Model Calibration 
*Lntiophysa/ Rocks 

-ýIFC model lab-scale 

calibration against results if 

un axia' compression and 
static "atigue testing 

-Non1 , 1tophysal Rocks 
- PFC mode lab-scale 

calibration against results of 

un axial orrpressior and 

static fatigue testng 
- Shear strength c' olno 

samples 
- Shear strength cf rock 
bridges 
, Static fatigue

In Situ Testing of Lithophysal 
Rock 

olatjack compression testing of 
1 m, cubes 

* Deformability 
* Strength Character 

-Determine Stress-strain 

response 

Modela ion Loop 

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

Defirre Eqoiaient 
Material Model for Lith 
for Dasign,'Performance

RDTME 3.04, 3.05 
3.07.3.11 

BSC Presentations YMBoard 03i12/02.ppf

Model Sensitiviy Studies 
of Drift Stability n Pr,
and Post-Closure 

1-

Ground moti•cn 
input from PSHA 
for pre and post
closure seismic 
rockfall analysis 

RDTME 3.02. 3.06, 3.07, 
4 i3.083. 0,3.0,3103.11.  

YUCCA MOUNTAIN PROJECT 
82

Piald 
C ha rcterizCaltion

L

Lab Teatling and 
Model Calibration

In SIlo nTaing end 
Modal Validetion

"Entrapolate from Limited 
Testing to Range of 

Geographic Conditions

-

RDTME 3.04. 3.05.  
3.07. 3.08, 3.11.  

3,15. 3.17

Geotechnica VGeological 
Characterization of T•IP 

oLftophVsai Rocks 
, Va, ability of shape s ze 
distributior and porosity Df 
lithophysae Compare tc 
borehole geophysics 
- Natural and minring-induced 
fracturirg in grounomass 

*Non-lnthophysa, Rocks 
- Variabhty of joint geometric 
parameters - dop'd p director, 
contin ity• scale-deouedent 
roughness, terminations ard 
rock bridges

iý



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

Elastic 
Portion() 
GRC 

Inclastic 
Nicldino--

Cl.

C 

F'.,

U r �

Suppo!rt fI r 
c, ,: h ~t ; I I't t i ct,",

' ltJ11 i i t ih d, lh t tlir ll 
,1111[) 1 t1 11'.1thod -

-i
I 

I. /. �''�

Ii -.  

.1 

I I

I. I-

tFlI. I J hil ýIf,";i ' ý.**I*-,-I I.I n-II-I
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Review - Resolution Strategy for KTIs 
Pertaining to Rockfall/Drift Degradation

Regional scale 
TM model 

Start 10/01 
Finish 3/02 

• Generate 
boundary/initial 
conditions for 

drift scale model 

RDTME 3.02, 
3.07, 3.10, 3.13, 
3.20 1 

Small-Scale 
Fracture Analysis 

Start 3/02 
Finish 7/02 

Analyze impact of 
small-scale 

fractures on block 
development 

RDTME 3.16, 3.17

Ai
Scoping Analysis for 
Seismic Drift Stability 

Start 1/02 
Finish 4/02 

Effects of duration 
and frequency of 

ground motion on drift 
stability 

RDTME 3.02, 
3.08, 3.10. 3.12,

4-

3DEC/DRKBA parametric 
models 

Start 7/02 
Finish 12/02 

Include appropriate fracture 
properties and seismic levels 

RDTME 3.10, 3.11, 
3.12, 3.13, 3.16, 
3.17, 3.19, 3.20

4-~

Subsurface 
Geotechnical 

Testing Program 

Start 10/01 
Finish 12/02 

Fracture tests 
In situ tests 

RDTME 3.04. 3.05, 3.07, 
3.10. 3.11, 3.16

BSC Presentations YMBoard 0'3112102 ppt

Joint Strength 
Degradation 

Analysis 

Start 1/02 
Finish 7/02 

* Kemeny and 
PFC 

approaches 

RDTME 3.11,3.15

RDTME 3.17, 3.19 
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Appendix7M eet ing 

3/02 

• Discuss adequacy 
of data for LA 

-Present Approach 
to Resolution of 
Geo-mechanical

related KTIs 

* Discuss modeling 
approaches

Appendix 7 Meeting 

1/03 

Finalize models.  

Discuss interpretation 
of results

Final Drift 
Degradation 

Analysis/Probabilistic 
Output of Results 

Start 12/02 
Finish 3/03 

* Final resolution of 
rockfall KTIs 

- TSPA feed

BSC 
resetatons 

M~oad 
0/12"2p 
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Approach to Post-Closure Rockfall 
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 

- Ivan Wong, URS Seismologist 

- Peter Cundall, Branko Damjanac, rock mechanics dynamics modeling, 
Itasca 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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BSC Presentations YMBoard 03/12/02 ppi 85



Approach to Post-Closure Rockfall 
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) 

7' .. ,;1 / : :: : -=, + -., :'+ ' ] 0 

~ FLAC3D 

model of SR 

4, ,4
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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 strenqth 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) 

, 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 

- Issues 

SWill 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 

C 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 

YUCCA MOUNTAIN PROJECT 
BSC Presentations YMBoardi 03,'12/02.ppt 89



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: 

S• **" ~ IllC;L1r 

•hobabilito distribulion •0 

"" ckLallL ivcn pgoa (IM 

example) 5 10) 

-I MIf1lfl> 
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Output 
(Continued) 

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

- 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 
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Summary 
* Approach to resolving geomechanical-related KTI 

agreements 

- Developing resolution plans for technically-related KTIs 

- 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 
KTIs 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) 

• 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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