Rock Mass Properties - Lithophysal Rock

xial Comp. Strength (MPa)

Unia

USR, Busted Bute
v L atch 1

« USR, Bater 1

+ LDR, Batch 2

Lith Porosity

Porosity has greatest
impact on mechanical
properties

For design and analysis
purposes:

— Subdivide range of
properties into strength
categories that cover
range of lithophysal
porosities observed
from mapping
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Generalization of Lithophysal Rock into
Numerical Modeling Approach

Use Particle Flow Code
“Micromechanical” model to
understand basic mechanical

response

Calibrated model used for
extrapolation to define range of
variability of lithophysal rock

properties
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Drift Scale Lithophysal Model

°* Encapsulate the material
behavior of lithophysal
rock into a discontinuum

model
* Model capable of
=t reproducing basic
o ) mechanical response

* Model capable of

5 simulating fracture and
rockfall

4060 230 2000 200 <3

C02370C_0%: ai
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Results of Rockfall Calculations -
Non-Lithophysal Rock

Frequency

3DEC Model

e Stable conditions under
in situ and thermal
loading - little or no
rockfall

°* Seismic loading produces
relatively small blocks
with approximately
90 percent less than
1 meter cubed in volume

Drip shield

* Results fed to dynamic
calculations of drip shield
stability

YUCCA MOUNTAIN PROJECT
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Results of Rockfall Calculations -
Lithophysal Rock

10,000 years

Worst Case
Postclosure
Seismic
Rockfall

Bounding study done for all
range of rock mass quality
categories

Stable conditions under
in situ and thermal loads

Minor damage at springline
(<0.5m depth) from in situ or
thermal load

Large acceleration postclosure
?_rc_)und motions cause self-
illing of drifts

Rock particles small - on order
of 10 cm on a side

YUCCA MOUNTAIN PROJECT
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Time-Dependent Degradation

Time-dependency estimate in hard
rocks has not been extensively
studied

Complete collapse of tunnels is not
inevitable

Many tunnels and natural
excavations (large lithophysae,
caves, slopes) stand for millions of
years without collapse

Use of empirical “stand-up” time to
predict degradation is not relevant

Degradation rate is stress
corrosion process, based on stress
state and rock strength in presence
of moisture

Use static fatigue testing to
estimate the “time-to-failure” as a
function of stress state -
incorporate in mechanics-based
numerical model

Lowest Quality
Lower Lithophysal

Highest Quality
Lower Lithophysal

10,000 years of heating

10,000 years of heating + seismicity
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Static Loading on Drip Shield from Rockfall

* Most conservative case is full collapse of tunnels - estimate drip shield load
for this case

* Used several different methods, including analytical kinematic solutions and
modeling of progressive degradation and load development

‘ Most reasonable is discontinuum approach where load develops naturally
and some arching occurs

7E+5
=== Piping failure mechanism

6E+5 ! = Terzaghi fasdlure mechanism
— | Piping failure mechanism - numerical
g Terzaghi failure mechanism - numerical
= 5E+5 t 1 B Discontinuum 0.2m block size
g #  Discontinuum 0.3m block size
7]
g 4E+5 ®
a
=
@
% 3E+5
a
=
(=]

2E+5

1E+5 : ]

0.1 02 0.3 0.4
Bulking factor B 003870C 096.a1
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Conclusions

Drift degradation studies based on site-specific |
geologic mapping, in situ stress measurements and
rock properties determination

Appropriate discontinuum models used to extend
testing to examine variation in properties

Drift degradation studies conducted for applied
in situ, thermal and seismic stressing. Calculations
made for conservative range in material properties

Time-dependent strength degradation estimated
based on static fatigue testing of tuff and compared
to granite

ey YUCCA MOUNTAIN PROJECT
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C C ¢
Conclusions

(Continued)

° Non-lithophysal rock

— Elastic conditions for in situ and thermal loading conditions

— Rockfall size under seismic loading is typically small with
mean block size of approx. 0.5 tonne. Most energetic rock
block is 14 tonne

* Lithophysal rock

— Minor sidewall yielding for in situ and thermal loading
conditions for all strength categories

— Time-dependent damage under action of in situ, thermal
and seismic loading results in some sidewall yield
shakedown

— Large postclosure seismic events (likely not physically
realizable) result in significant small rockfall in tunnels with
associated quasi-static loading

Er——————eesmwmwswerews YUCCA MOUNTAIN PROJECT
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This drawing is preliminary and not
intended for construction,
procurement, or fabrication.
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AREA No. | DESCRIPTION

x

110 DRY TRANSFER FACILITY #1 (DTF~1)
120 DRY TRANSFER FACILITY #2 (DTF=-2)

130 REMEDIATION BLDG (RB)

14A TRANSPORTATION CAaSK RECEIPT BUILDING (TCRB)
148 TRANSPORTATION CASK BUFFER AREA

150 WASTE PACKAGE RECEIPT BUILDING (WPRB)

160 LOW LEVEL WASTE HANDLING (LLWH)

17A AGING (1000 MTHM)

178 AGING (5.000 MTHM)

17C SHIELDED CANISTER FACILITY (SCF) FUTURE
SPACE FOR FUTURE WASTE PROCESSING FACILITIES
190 CANISTER HANDLING FACILITY (CHF)

220 HEAVY EQUIPMENT MAINTENANCE BUILDING (HEMB)
230 EQUIPMENT MAINTENANCE/WAREHOUSE BUILDING (EMWB)
UTILITY BUILOING

258 COOL ING TOWER

EVAPORATION POND

260 ELECTRICAL GENERATORS AND SWITCH HOUSE

270 MAIN SWITCHYAROD

28A FIRE WATER FACILITY

288 FIRE WATER FACILITY

290 SEPTIC TANK & LEACH FIELD (EXISTING)
CENTRAL SECURITY STATION

308 CASK RECEIPT SECURITY STATION

30C SOUTH PERIMETER SECURITY STATION

33A RAIL CAR STAGING AREA

338 TRUCK STACING

600 NORTH CENTRAL PARK ING

610 VISITOR CENTER

620 ADMINISTRATION BUILDING

634 FIRE. RESCUE AND MEDICAL BUILDING

638 FIRE. RESCUE AND MEDICAL BUILDING (CONSTRUCTION/REMOTE)
65A ADMINISTRATION SECURITY STATION

66A HELICOPTER PAD

668 . | HELICOPTER PAD (CONSTRUCTION/REMGTE)
WAREHOUSE/CENTRAL RECEIVING

688 MATER]IALS/YARD STORAGE

690 SMALL VEHICLE REPAIR SHOP

700 FUEL DEPOT

71A CRAFT SHOPS

718 EQUIPMENT YARD STORAGE

900 STORM WATER / RETENTION POND
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28A FIRE WATER FACILITY
288 FIRE WATER FACILITY
290 (SEPTIC TANK & LEACH FIELD (EXISTING)
304 CENTRAL SECURITY STAT IDN
- 308 CASK RECEIPT SECURIYV ST

30C IMETER SE RITY STA‘I’ION

334 HAlL CAR STAGING AREA
338 TRUCK STAGING
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-~ 63A |FIRE, RESCUE AND MEDICAL BUILDING
. 638 |FIRE. RESCUE AND MEDJCAL BUILDING (CONSTRUCTION/REMOTE )
654 | ADMINISTRATION SECURITY STATION
66A HEL ICOPTER PAD
668. | HEL ICOPTER PAD lCDNSTﬁUCT!DN/REWTE)
68A | WAREHOUSE/CENTRAL RECEILV
can MATERIALS/YARD STORAGE
® 690 SMALL VEHICLE REPAIR SHOP
- 700 | FUEL DEPQT
T1A CRAFT SHOPS
. 7tB | EQUIPMENTY YARD STORAGE
( 300 STORM WATER / RETENTION PONO
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1 g 1. RAILROAD ALIGNMENT SHOWN 1S CONCEPTUAL. FINAL ALIGNMENT TO BE
DETERMINED BY TRANSPORTATION STUDY AS THE DESIGN DEVELOPES.

2., ROAD ALIGNMENT SHOWN 1S _CONCEPTUAL AND 1§ SUBJECT
TO CHANGE AS THE FACILITY DESIGN DEVELOPES.

3. ALL NOMINAL PAD ELEVATIONS ARE PREL IMINARY AND ARE SUBJECT
TO CHANGE AS THE FACILITY DESIGN DEVELOPES

4, ALL COORDINATES AND ELEVATIONS SHOWN ARE IN FEET,

S. GRID |S BASED ON NEVADA STATE PLANE COORDINATE S'STEM-
CENTRAL 20NE. NORTH AMER[CA DATUM OF 1327 (NAD 271}

6. ELEVATIONS ARE BASED ON NATIONAL GEODETIC VERTICAL DATUM OF
1929 (NCVD 29).

7. LAYOUT REPRESENTS FINAL NDRTH PORTAL OPERATIONS AREA BUILDING
CONF {GURATION.

8. YHE SAFETY CATAGORIES OF THE SYSTEMS. STRUCTURES Al
COMPONENTS (SSC) HAVE NOT BEEN DETERMINED AND TNCREFORE
FLAGS AND BOUNDARIES HAVE NOT BEEN IDENTIFIED.

9. ADDITIONAL AGING PAD WITH SPACE FOR 14,000 MTHM 1S REOUIRED
NORTH OF 118, THIS 1S NOT SHOWN AS 1T FALLS OUTSIDE THE
LIMITS OF THIS DRAWJNG.

10. FACILITY S1ZES AND LOCATIONS SHOWN ON THIS DRAWING ARE
APPROXIMATE AND SUBJECT TO CNANOE BASED ON DEF INITIVE DESIGN
INFORMATION AS IT IS DEVELOPED
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